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A C C O U N T 

O F T H E 

LIFE and WRITINGS 
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AUTHOR. 



■fyOtIN MACLAURINvia dcfcended of 
\^ an ancient family, which had been long in pofleffion 
of the ifland of TirrU, upon the coaft of ArgyU~ 
Jhire. His grandfather, Daniel, removing to Inveraray 
gfiiatly contributed to rcAore that town, after it had 
teen almoft entirely ruined in the time of the civil wars j 
and, hj fome memoirs which he Wrote of his own' 
times, appears to have been a perfon of worth and fuperior 
abilitW. John, thefonofPdwV/, and father of our authot, 
was minifter of Glenderule ; where he not only diftin- 
guiihed himfelfby all the virtues of a faithful and diligent 

fiafior, but has left, in the regifter of his provincial fynod, 
aiding monuments of his taients for bufinefs, and of his 
public fpirit. He was likewife employed by that fynod inr 
Completing the verfion of the Pfalms into /rijh, which, is 
ftili ufed in thofe parts of the country where divine fcrvtce 
-is performed in that language. He married a gentle- 
woman of the family of Carmron, by whom he had three 
ions; John, v/^io is ftijl living, a learned and pious divine, 
one of the minifters cf the city o^ Glafgoiv ; Damtl, who 
died young, after having given proofs of a moft extraor- 
dinary genius ; and Coliit born at Kilmeddan in the tnonth 
of Ftl/raary 1608. 

a* . Hi. 
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His father died iix weeks after ; but that lofs was in a 
good ^eafurc fiipplied to the orphan family, \fy the afFec- 
tiona^ care of their iuicle Mi. Darnel 'Macltairin, (^^ifter 
of Kilfinnan, and by the virtue and prudent cecoaomy of 
IWrs. Madaurin. After foffle flay^ in Jrgyiejhirif where 
her llders and {he had a'fmall patrimonial e^ate, flic re- 
moved to Dumiarten, for the more convenient educJition 
o£ her chjldre^ : bct flying iti t707.> the cars of them d«- 
- Volved entire^ to their uncle. 

In 1709 Celin was 6^14 to the uoiverlity of GUJgeWy and 
placed under the care of one of the' beil men, and moft 
eminent profellbrs of this age, the learned Mr, Girjhom 
Carmicbatl. Hefe he continued ^ve yeari. applying hint* 
felf to his fludies with that fucccis which might be ex- 
pe^ed from parts like his, cultivated with the moll inde- 
^tigable care and diligence. We find, amongfl his oldeft 
manufcripts, fragments of a diary in which he kept an ac- 
count of every day, and of almoft every hour of the day j 
(jf the beginning aad fuccefs of every particular ftudy, en- 
quiry or invcftigation : of his converfations with learned 

'*-- '"-■^-:«5 of them, and the arguments on either 

! read the names of Profefiir Carm'uhael, the 
■. Kobtrt Simfitty Dr. Johnjkn, and fcveral 
m of learning and worth ; who all vied who 
icourage our young philofopher, by open- 
sir libraries, and admitting him into iheii 
ibcietr and friendfhip. He could not, after- 
le tokeep.foformalaregiflerof his Jife, but 
the habit never left him ; and that every 
hour of it was continually filled up with fomecbing which 
lie could review with pteafure. 

His genius for nuthematical learning difcov^red itfelf fo 
early as at twelve years of age, when, hmng accidentally 
ipet with a copy of Euclid in' a friend's chamber, in a few 
days he became maflcr of the firfl fix books without any 
^fiance : and thence, following his natural bent, niade 
fuch a furprizing progrefs, that very foon after we find him 
eiigaged in the molt curious and difficult problems. Thus 
much is certain, that in his fixteenth year, he had already 
invented 
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invented maqf ot- the prqwGtion> aften^dl pifB^4(c4 
under the title of GiBmttriaOrgamca, 

In the fiftoent^ y^v of his age he todic his d^ree of , 
Mafter of Arts, with great applaule ; on wh^ch occaJi9ti hfi 
coDipqfed and publicly defended k Thtjis on the Kxwer of 
gravity : and idTter having fpent a year in the fiuoy of di- 
vinity, he quitted the univcr^ty, and lived, for the moft 
p^, in aj;i agreeable country retirement at hia uncle's 
faoufe, till near the end of iyij* la t^ retirement, he 
purfued his fludi^s with the lame afllduity as he had done 
at th,e unirerfity ; continuing his favourite refe^rches in 
iputhematics an4 philofof^y, and at other tija^es i;ea{d^ng« 
-the beftdalfic authors ^ for «[hi^ he nuurijji; biafl afi 
exceeding good tafte. 

Id the Intervals of bi$ ftudiesi the lofty qiountajns apiidjS 
wVieh he lived would often invite bipi abroad, to confidar 
the. aumbetlcCi qatural curiolities they contaki,,;^ui th^ iJir 
£nitc variety of pbmts tttM grow 09 tbeis i or to qlimb to 
their tops, and CQJOjr the moft extenfive and oioft djveilt- 
fied proipc^s. And here his fancy being warmed by the 
^and (ccnes which prefented thctnfelves, he would Ijune- 
times break out i^ito a hymn or poetii; rhapfody on tb< 
beautisE of nature, and the perfedions of its Author. Of 
tbcie fome fragments flijl remain ; which, though lo uif^ 
niflied that it can be only thro' forgetfulncfs they have not 
been dcftroycd» yet fltew 4 genius capable of nii{ch greater 
tbingq in that way. Uu fnendft however, ar^otjliged to 
the accidents that have preferved them,. together with fomc 
others of his juvenile performances ; for however unjit 
they may be for the public view, they Ihew the progrefs hp 
had made in the feveral parts of learning, at the time tb^y 
were written: and what can be niore delightful,, than to 
obferve the gradual ojKnings and improvements of a qniod 
like that of Mr. Maclaurin f 

. In the autumn of 1717, be prefented himfelf a candi- 
date fgr the profellbrfhip of mathematics in the marifbal 
college of ^^r^M, which he obttined after a comparative 
tfial of ten days with a very able competitor : and being 
fixed in his chair, he foon revived the talte of mafbematt- 

cal 
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ca} leu-ning, and railed it higher than it had ever befn in 
that univerAty. 

During the Tacations of 1719 and i'72i, he went to 
London, with a view of improving himfelf, and of being 
introduced to the illuftrlous men there. In his lirfl jour- 
ney, befidcs Dr. Haadly then bi/bop of Bangar, Dr. Saniutl 
Clarke, and feveral other eminent men, he became ac- 
quainted with Sir Jfaac Ntwtan % whofc friendfliip he ever 
after reckoned the greateft honour and happinefs of his 
life. He was admitted a member of the Royal Sotiily % 
two papers of his were inferted in their tranfa£tions, and 
his book intitled Geonutria Organita was publilhed with 
the approbation of their president. 

In his fecond journey to Londen in 1721, he became 
acquainted with Martin Folkts, Efq; now prefident of the 
Royal Society I with whom he thenceforth cuhivated a ' 
anoft entire and unreferved friendlhip, frequently inter- 
changing lettera-with him* and communicating all his 
views and improvements tn the fcienccs. 

In 1722, Lord Polwarth, Plenipotentiary of the King 
ofGrtat Britain at the congrefs of Camiray, engaged Mr. 
Maclaurin to go as tutor and companion to his eldcft fon^ 
-who was then to fct out on his travels. 

After a fliort flay at Paris, and vifiting fome other 
towns in Frame, they fixed in LorraiH ; where, belidec 
the advantage of a good academy, they had that of the 
converfation of one of the moft polite courts' in Eurobt. 
• Here Mr. Maclewin gained the elteem of the moft diftin^ 
guided perfons of both fexes, and at the fame time quickly 
improved that eafy genteel behaviour which was natural 
to him, both from the temper of his mind, and from the • 
advantages of a graceful perfon. 

. It was here likewife that he wrote his piece on the pcr- 
cuflion of bodies, which gained the prize of the Rtyal 
Academy ofSaencts for lya^. j the fubftanceof this traftis 
infertcd in his Treatift of Fluxions, and alfo in Boot II. 
Chap. It of the following work. 

Mr. 
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Mr. Maclaurln and his pupil having quitto] Lnralm 
■were got as far on their tour as the fouthern provinces of 
France, when Mr. Humt was Teized with a fever, Bnd died 
at Mmtpelifr. An event fo Shocking mull have aSeited 
a heart lefs fcnfible and lender than Mr- Maclaiirin'% : in 
fome.Ietters written on this occafion, he appears quite in* 
conlblable. His own grief for his pupil,, his companion, 
and friend^ and his fympatfay with a family to which ho 
owed great obligations, and which had fuf&red an irrepa- 
rable lofs in the death of this hopeful young nobleman, 
rendered him altogether unhappy. Travelling and ever/ 
thing elfe was become diflalleful, fo he fet out immediatclf 
onhis return to bisprofeiHon at Aberdetn, 

But being now univerfally diflinguiifacd as one of the. 
£rft genius's of the age, fome of the curators of the uni- 
yerCiiy of Edinburgh, v/fce defirous of engaging him to 
fupply the place of Mr. Jamti Grigary, yhofe age and in- 
firmities had rendered him incapably of teaching- Several 
difficulties retarded this defign for fome time ; particularly 
the competition cf a gentleman eminent for maChematical 
abilities, who had good imereft with the oatronsof the 
univerfity ; .and the want of an additional fund for ths 
new profcilbr. But. both thefc difficulties were got over, 
upon the recemt of two letters from Sir Jfaot Ntwton, 
In one, .addreilcd to Mr. JldMiaurin, with alUwance to 
ibew it to the patrons of the univerfity. Sir I/aae exptelfci 
himfelf thus; " I am very .glad_to hear that you have a 
*' profpe£t of being, joined to Mr. yamtt Grigtry in xix 
*' profelTorfhip of the mathematics at Edinburgh, not 
** only becaufe you are my friend, but principally becaufe 
' ", of your abiJities, you being acquainted as well with the 
*' new improvements of mathematics, as with theforioei; 
*' ftate of thoie fciences ; I heartily with you good fuc- - 
" cefs, and (hall be very glad of heating of your being 
" elei^ed. I am, with'sll Unceriiy, your faithful frieii^ 
V and moft humble fcrvant." 

In a fecond letter to the then I^ord Pfovofl of EJin* 
iurgk, which Mr. AJacIaurin knew nothing of till fome 
years after Sir I/aat'i death, he thus wiites, " .I.am '%i^i 
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*• to underftand that Mr. Maclaurin is in good repute 
•* amonsft you for his (kill in mathemMio, for I think 
** he defervcs it veiy well } and to fatisfy you that I do 
•* not fetter htniiznd airotoencouragehim to accept the 
'* place of afEfling Mr. Gregory, in order to fuccoed hhn, 
** I am ready (if you pleafe to gire me leave) to contri- 
" bute twenty pound) ftr anmm towards a provflion for 
** him, till Mr. Grtgery'i place becoinc void, if I Hve (a 
*' long, tutd I will pay it to bb order in Lotuian." 

In Nwvemier 1725, he was introduce into the univer- 
fity: as was at the fame time bis learned colfegiie and 
iotioKite friend, Dr. Altteandtr Mimre^ profefibr of ana- 
tomy. After this- the mathematical dafles ibon became 
very numerous, there being generally upwards of a hun- 
dred young gentlemen attending bis Ic^res every year^ 
who Dcitig of difierent ftairdJngs and proficiency, he was 
eftliged U divide them into four or iive clafles, in each of 
which h»cin[rfc^«d a fall hour e?eryd9y, from tht&rftof 
iftwtmktF to^e fiiftef^Wf. 

In die-firft or loweA clafs [Ibme^ws dtrided into Cw()} 
be uugbc the 'fiiA ix. books ofBtidiiri Elements, plain 
trigonometry, praAical geometry, the elements of forti- 
ficaticui, and an intredui3ion to algebra. The ftcond 
dafa Audied algebra, the nth and j 2th books of EucSd^ 
fphcrical tiigonomecry, conic feSions, and the genera) 
principle* of afironomy. The third clafs went on in ailro- 
noray and perlpcAive, -read a part of Sir /faae Nnvtan's 
Prinafia, and hadacourfeof expedments mr iliuffratine 
them> perix»-raed and explained to them; He afterwar(» 
lead and demonHrated the elements of fluxions. Thofe 
in the 4tb clafs read afyflem of fiuxums, the doctrine of 
chances^ and the rcA of Navtot^s Principia. 

All Mr. ^dattrit^t \tQnia on thefe dififcrent fubje£b 
were giren wtthfach perfpiaiitT of method and language, 
diat his demonftrations fcldom ftood in need of repetition : 
fuch, however, was his anxiety for the improvcmemt of 
Ills fdholars, that if at any time they feemed not fully to 
comprehend bis meaning, or if, upon examining tbiem, 
he found they could not readily demcudhiue die propofi'- 
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tioDG tthieh he h»d prared, he wts ipt rather to fufpcft 
kb own expnSions to have been obfcant, tlnn their 
winC of genius or sMtcntlon ; and therefore would refume 
the demcHiftraitiati in fomc other method, to try if, by 
expt^ng it in a d^eient light> he could give them a better 
view of ic 

. Befides the labour^ of his public profeffioD, he had fre« 
quently many other eiaploymeirti and avocatioai^ Tf an 
uncomnion experiment was faid to have been made any 
where, the curious vere detinus of having it repeated by 
Mr. Afatbtirin : if an eclipfe or tSDiet was to be obferved,' 
his telefcapes were always in rcodinefs. The ladin toa 
would fometimcs be entettained with hie experiments and 
obfervations ; and were furprizcd to find how cafily and 
familiarly tie could rcfolve the ^ueftions they put to him. 
His advice and affiilancc, cfpccialiy to the youDg gentle- 
men who had been his pupils, was never wanting; nor 
vns admittance rcfuTed to any, except in hia teaching 
bouTs, which Were kept facrei. His actjuaiataace and 
frici»dfliip was liluwife courted by the ingeitioui of all 
tanks i who, by their fondnofs for hia fiotspany, took up 
a great deal of Itta tim^ and left hkii not mafter of i^ 
even in his country retirenents. Notwithftandiog the 
ncceflary labour and the many interruptions and avocatiom 
which he had, he continued to purfue his own fludies with 
the utmoft affiduity, reading whattever wae pnUiflied, fton 
irbicb he cou!dexpe£t any information or improvement! 
But to have time for fo much ihidy and writing, he was 
obfiged to take from the orditury hours of deep, what he 
facflowsd on hta fcholais and friends ; and, t^ tlus, no 
doubt, greatly impaired tiis health. 

Sir I/aac Neivtm Ay'ine in the beginning of the year 
tyzS, his nt^KW lAx.CBtidmtt propofed to pablifb an 
account of his life,' andde&od Mr. Mtalaurir^% affiflance-; 
who, out of gratitude to hit great bene&^or, chearfully 
undertook an<d foon finilhed the hiflory of the progreis 
which philofophy had made before Sir Ijiaaia^ time, Thia 
was the firll draught of the following work ; which was 
immediately fcnt up to London, and had the approbation of 
Ibme of the heft judges. Dr. RundU, in particular, af- 
4 tcrwards 
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ttrwar3s bidiop ot Deny, im fo pleared with the dcfign, 
that he mentioned it to her laceMajefty ; who did it the 
honour of a reading, and cxprefTed a dcfire to fee it pub- 
ijflied. But Mr. Cenduitt'& death having .prevented the 
execution of his part of the propofed worl^, Mr. Mat- 
laurin'a mannfcript was returned to him. To this be af- 
terwards added the more recent proofs and examples, pven 
by hiinielf or others, on the fubje£b treated of by Sir I/aac^ ■ 
and left it m the ftate in which it now appears. 

Mr. Mackurin had lived a batchelor to the year 7733 : 
but being formed for fociccy as well as for contemplation, 
and defirous of mixing more delicate and interefting de- 
liefats with thofe of phiLofophy, he married Jnnt, daugh. 
, ter of Mr. IVolUr Slmiartt follicitor-general to his late 
Majefty for Sctthsnd ; by whom be had feven children, of 
which, two fons John and C«&'n, and three daughters, havo 
furvived him.- 

Dr. Berilty bi&op of ClsyiUf having taken occafian 
from fome difputes that had arifen c:oncerning the grounds 
of the fluxionary method, in a trealife entitled the Anal;^, 
publiihed in 1734, to explode the method itfelf, and, aV 
the fame time, to charge mathematicians in general with 
infidelity in religion ; Mr. Maclanrin found it neceflary to 
vindicate his favourite Audy, and repel an accufation in 
which he vras moft unjuftly included. He began an 
anrwertothebifliop'sbooici but as he proceeded, fo many 
difcoveries, fo many nev theories and problems occurred 
to htm, that inftead of a vindicatory pamphlet, his work 
' came-out a ctimplete fyilem of fluxions, with their appli- 
cation to the moft conliderable problems in geometry and 
natural philofopby. 

This work was publiihed at Edlnhsr^h in 174a, in two 
volumes in quarto ; in which we are at a lofs what moft 

to admire, his folid and unexceptionable demonftrations ' 
of the grounds of the method itfelf, or its application to 
I'uch a variety 01 curio^is and ufeful problems. 

His 
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His demonArations had been, feVeral years before, com- 
municatcd to Dr. Berklty, and Mr. MaclaurtN bad treated 
him with the greateft perfonal re(pe6t and civility : iiot- 
withftanding which, in his pamphlet on tar-water, he 
renews the charge, as if nothing had been done ; for this 
excellent reafon, that different perfons had conceived and 
expreJTcd the fame tbing in different ways. 

A fociety having fubfifted fome years at Edinburgh 
for improving medical knowledge, Mr. Afuclaurin pro- 
pofed to have their plan made more extenfive, fo as to talce 
in all the parts of phylics, together with the antiquities 
of the country. This was readily agreed to ; and Mr. 
Mackurin's influence engaged feverai noblemen and gen- 
tlemen of the firit rank and charai^er, to join thcmfelres, 
for that purpofe, to the members of the former fociety. 
The Earl of jWsr/andid them the honour to accept of the 
office of prefident; Dr. Plummir^ profelTor of cbymiftcyt 
and Mr. Aladaurin were appointed fecretaries ; and feverai 
gentlemen of diftindlion, Englijb and foreigners, dciired 
to be admitted members. 

At the monthly meetings of the fociety, Mr. Mte- 
laurin generally read fome performance or obfervation of 
his own, or communicated the contents of hi$ letters 
from foreign, parts ; by which means the fociety was in- 
formed of every new difcovery or improvement in tho 
fcjences. 

Several of the papers read before this fociety, are printed 
in the 5th and 6th volumes of the Medical Effoys. Soma 
of them are liltewifepubliihed in the PhiUfophical Tranf- 
aitions, and Mr. Mackurin had occaiian to inferta great 
many more in his Treatife of Fluxions, and in his account 
of Sir ifaac Nrwtaii'i philofophy. By which means the 
publication of any volume of the works of the fociety has 
been retarded : but we may hope their labour? will ftiU be 
continued with fuccefs, notwitbftanding the lofs they 
have fufiained by Mr. Maclaurin's death. 

He 
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He likewlfe propoftd the boildEn^ an aftronottiicBl ^- 
firyatftyy and a conrcnient fchool for cxperitnents in die 
univemty ; of which he drew an elegant and well-con- 
trlred plan : and at this work Wai td be carried on dr 
private cotitrihutions, employed all his influence to nivt 
monsjr far that purpofe t with Co much fticcers, tilat h^ 
not the unhappy difoHlerd of that countrf intervened, the 
fabric might by this time have been far advanced. The 
Earls of Morim and Htptntn diewed their liberality as 
well as their love of the feiences, upon this occafion ; as 
did the honourable Baron ChrJi, vice-prefident of the 
phihfophical fociety : :tnd feveral noblemen and gentlemeil 
offered to contribute what inflruments of value they wero 
poflfeSed of, as fooii as the obftrvatory {hould be ready to 
leceire them. 

■fhe Earl of Marian hting to fet out for Orkney ani] 
Sbttland'm 1739, to vlfit his eflatts there, wanted at the 
fame time to fctde the geography of thefe coumries, which 
jc t^ry erroneous in ^lour maps ; to exaniinc their natu- 
ral hiftory, to furvcy the coafts, and to talte the meaftire , 
of a degree of the meridian : and, for this purpofe, defired 
Mr.'^ucj^urrVs 'alGftance. But his family affairs not 
permitting him to take fuch 2 journey, he could do no 
Inore than draw a memorial of what he thought necelTary 
to be obferved, furnifft the profler inftruments, and recom- 
mend Mr. Shorty the famous t^cian, ^ a fit operator for 
managing them. . ' 

The account which he received rf this voyage, made 
him ftiU more fenfible of the erroneous geography we 
have of thofe parts, by which many fliipwrecks have been 
occaftoned ; and therefore he employed feveral of his 
icholan,«ho were then fettled in ihc nonhern counties,- 
to furvey the coaffs. 

The reverend Mr. Sryct compofed from obfcrvations a 
inap of the coaft of Caithnefs and Strathnavefy with re- 
marks on the natural hiftory and rarities of the country^ 
together with directions for fca-faring people. This map 
was. prefented to the Phihfiphical Sacitty at EdMurgby 

and 
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uid publUhed ty their order. The reverend Mr. Bomtsr 
drew likewtfe a map of the three moll northerly iflands of 
Shttland^ which Is among Mr. MatlauriA's papers ; and 
we exped foon the geography of the Oritnyi correded bjr 
Mr. MacieoTJt. It wai from obffcrva^oni like thcfe, made 
by flcilful perfons, and with the beft inftrumenu, that Mr. 
MacUatrin expciSed to Tee a good map of Stttlaid; not 
from the flaviOi copying of map-fcllers, nor from a painful 
ColleAing, and patching together of old draughts and fur- 
veys of little authority t which he thought muft coatrt- 
bute more to perpetuate than to redify erroria 

Mr. J^i^wnn had flill another fcheme fortheimprOTC- 
me^t of gec^raphy and navigation, of a more extenfive 
luture. After reading all the accounts he could procure 
of voyages, both in the Ibuth and north feas, he imagined 
the fea was open all the way from GrtmUnd to the fouth 
Icai by the north pole. Of this he was fo much perfuad- 
cJ, that he has been heard to fay, if his lituation could 
admit of fuch adventures, he wcwld undenake the voyage- 
even at his own charges. But when fcbemes, for finding 
out fuch a paHage, were laid before the parliament in 
1744, and he was confulted concerning them by feveral 
perfons of high rank and influence ; before he could finilli 
the memoiials which he propoTcd to have fenr, the prae- 
mium was limited to the difcowy of a north-weft paflage, 
and Mr. Maclaurin ufed to regret that the word vtft was 
inferted, becaufe he thought that paflage, jf at all to be 
found* mufi lie not far from the pole. 

Such was the zeal of this worthy perfbn for the public 
good, in every inftance ; the lall, and moft remarkable*. 
ii tbat which wc ate now going to relate. 

When it was certainly known, in 1745, that the re- 
belS) after having got between Ediuburgb and the King's 
troops* were continuing their march fouthwards* Mr. 
Madaurin vns among the firft to rouze the friends of our 
baj^y confiitution, irom the unlucky /ecurity they had 
hitherto ccmtinued in : aqd tho' he was fenlible that the 
city of Edinburgh^ fu from being able to ftand the attacle < 
of a icgular army, could not even hold out any confider- 
b ' able 
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able time againll the undifciplincd and ill-armed force 
that was coining againft it ; yet, as he forefaw of bow 
much advzDtage it would be to the rebeU* to get policiEoii 
of thu capital J and, the King's forces under tbe com- 
naadorSir ftbn Copt being daily expeded; he made 
plaiu of the walla, piopo&d tbe feveral trcncbes, barri- 
cades, betterles, and fuch other defences as he thought 
could be got ready before the arrival of the rebels, and by 
which, he hoped, the town might be Icept till the King's 
ferces fliould come to its relief. The whole burden, not 
only-of contiivingi but alfo :of overfeeing the execution, 
ef thefe hafty fortifications fell to Mr. Maclaurm'% fhare ; 
be was employed night and day, in making plans, and 
Tunning from place to. place ; and the anxiety, fatigue, 
and cold to which he was thus expofed, affc<^ng a confli- 
tution naturally of weak neivcs, laid the foundation <^the 
difeafe of which he died. 

How this plan came to be negledcd, and in whatn»n- 
ner the rebels got poJfi^on of tbe town, is not a proper 
enquiry for this place. They got pofleiffion of it ) and, 
their fpirits being raifed by this unaccountable fuccefs, and 
by the fupply of arms and provifions which it gave them, 
they foon after defeated die King's troops at Frifttn. The 
moderation which they bad afie^ted befoix that unhappy 
battle was now laid afide, and obedience was to be given 
to whatever [woclamations or orders they thought nt to 
iffue, under pain of toil^tary execution. Among other 
defpotlc orders, one was, commanding a]] who had been 
volunteers in defence of the town, before a ftated-time, 
to wait en their litcretary of ibte, to fubfcribe a recanta- 
tion of what they had done, and a promife of fubmifEon 
to their pretended government, untler tbi pain of being 
deemed and treated as rebels. Mr. Matkurin had been 
too afiive and diltinguifhed a volunteer, to think he 
oould efcape the fcvercft treatment, if he fell into their 
bandi, after neglecting to make the fubmiliion required ; 
he therefor* withdrew privately into England, before the 
laftday of receiving the fubmiflionsf but, previous to his 
efcape, found means to convey a^ good (elefcope into tbe 
«aflle, and concerted a method of fupplying the garrifon . 
with pioviiions. 

4 .As 
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As loon as his Grace, Dr. Thtmat Herringf then Loril 
Archbilfaop of Tori, was informed that Mr, Maclauriti 
had fled to the nordi of Eitgland, he invited him in a moft 
friendly ahd polite manner, to relidc with him during his 
ftay in that country. Mr. Maelairm gladly accept^ of 
the invitation, and Toon after expreiles himfelf thus in a, 
letter to a friend } '* Here (fays he) I live as happily as a 
*' man can do, who is ignorant of the ftate of his family, 
" who fees the ruin of his country." His Grace, of 
whofe merit and goodnefs, Mr. Macht^in ever retained 
the higheft fentimenis, afterwards kept a regular corre- 
fpondence with him ; and when It was fufpe^ed that the 
rebds might once thore take poflelBon oi Edinburgh, af- 
ter their retreat from Enghndy Invited his foimer gueft 
again to take refi^ with him. 

At Ttri he had been obferred to be more meagre than 
ordinary, .and with a Ackly look ; though not being ap- 
prehensive of any danger at that time, he did not call in 
the affiftance of a phyuctaa : but having had a fall from 
bis borfe on his journey fouthward, and, when the rebel 
army marched into Engkmdy having on his return home 
been e xpofed to moft tcmpefluous cold weather, upon his 
arrival he Comjikuned of being much out of order. In a 
little time his difeafe was difcorucd to be a dropfy of the 
belly, to remove which, variety of medicines, prefcribed 
by the moft einincnt phyficians at Lmden^ at weU ais thofe 
of Edinhitrgb, and three tappidgs, were ufed without mak' 
ing a cure. 

Hu behaviour, during this tedious and painful diftem- 
per, was fueh as becanne a [MIofbpher and a chrillian ; 
calm, chearfiil, and icfigned ; his. fenfcs and judgment re- 
maining in their fuU vigour, till within a few hours of his 
death. Then, fot thefiriLtime, his amanuenfu to whom 
tie WIS dilating the \i& chapter of the following work (in 
which be proves Che wildom, the power, goodnefs, ajtd 
other attributes of the Deity) d}ferved fome hefitation or 
repetition : no pulfe could then be lelt in any part of his 
b<>dy, and hii bands and feet were already cold. Not- 
withftanding this extremely weak condition* be fat.in hif 
b 2 . ' chair. 
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chair, and Tpoke to bis friend Dr. Mmro with his ufuat 
ferenity and ftrength of reafon, defiring the Doftor to ac- 
count for a phsnomCnon which he then obferved in him- 
felf: flafliesof fire feaming to dart from his cyei, while in 
(he mean time his fight was failing, fo that he fcarce could 
diAinguifh one object from another. In x little time after 
this converfation, he defired to be laid upon his bed ; 
where, on Satvriaj\\\^ 14th oijunt^ 174-6. aged 4K years 
and 4 months, he had an cafji paflage from this world to 
that itate of blifs, which he bad the moft elevated ideas of, 
and which he ntt>ft ardently longed to [wfleTs. 

The grief for the lofs of this excellent -perfon was as 
general as the eiVeem which he had acquired, with all 
rank^ of ^en : but thofe of greateft wctrth, and who bad 
moft intimately known him, were the raoli deeply afii^-. 
ed. Dr. Motira, in an oration fpoken at the firll meeting 
of the u^ivcrfity after Mr. JUac^urin's deati\ (from which 
the fubftance of the foregoing account is taken) gives* 
particularly, a very moving picture of the grief of the lal« 
Lord Prefident Forbes^ on this occafion. A likenefs of 
chara^er, and a perf^ harmony of fentimentt, and vKw), 
had clofejy united them in their Jivei ;-. in theiV deaths* 
they were alas ! too little divided : the prcfident likcwife, 
worn out in the fervice of bis country, wis foon to be the 
rubjtr£t of a general mourning. 

In the fame difcourfe the Do^r ^hews, in a variety of 
inft^iices, that acute parts and extenfive learning were, in 
Mr. Ataclaurin, but mferior qualities ; that be was ftm 
more nobly di^inguiflicd from the bulk of mankind, by 
the qualities of the heart ; bit fincerc love to Goo and 
Men, his univerfal benevolence and uoafie&ed piety t 
together with a warmth and conftancy in his frtendfliips, 
that was rn a manner peculiar to himfelf. He profeAe* 
likewife, that after an intimacy with him for fo many 
years, he had but half known bis worth ; which then only 
difclofcd itfelf in its full luftre, when it came to fuffer the 
fevere tefl of that diftrefsful fituation. In which every mag 
muff at laft find himfelf; and which only minds prepared 
like hi), armed with virtue sod chriflizn hope, can bear 
viith dignity. - . , ■ , 

- , But 
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But the bounds WQ are confined to, do not permit as to 
follow the profelTor in this deliglitful track ; nor would the 
modeliy of Mr. Maclaurin^s uirviving friends bear with 
our being lb particular. We muft content ourfelves to 
confider hint in die charatEler in whicti he was univerfally 
known ; by giving a Ibort account of liis works, and of 
the lafle and manner in which he cultivated the mathema- 
tical fciencesi purfuing with fucb, indefatigable pains, 
fiudies that feem, to many, rather curious than ufeful. 

His firft WQrIt, compofed in his early youth, was the 
Gismttria Organicat in which b^ treats of the defcription 
of curve lines by continued motion. 1'he firll and {im- 
pleA of curves is defcribed by the motion of a right line 
on a plane, round one of its extremities. Sir Ifaac Niw~ 
tan had Ihewn, that the Cente Stilions might all be de- 
fcribed by aiTuming two centres or poles in a plane, and 
moving round them two given angles, fo as the interfe^ion 
of two legs be always found in a ftreight line, given in 
pofition in the fame plane ; for thus the interfei5tion of the 
other two will trac$ lome conic fe^ion. In a fimilar way, 
he defcribes liicb lines of the third order, as have a double 
point, that is to fay, which returning upon tbemfelves, 
pafs twice through the fune point ; but the defer! pt ion of 
the far greater number of thofe lines, which have no fucb 
point, Sir Ifaac declares to be a problem of much more 
difficulty. This was rcferved for Mr. Mackurin ; who 
not only happily refotved it, but carried the fame method' 
of defcription much higher. By alTunaing more poles, or 
by moving the angular points along more lines given ia 
poUtion, or, laflly, by carrying the inUifcdioiis along 
curve lines, ioflead of flreight, he has extended, or givea 
hints of extending, the method as far as it can go- And 
bccaufe,' by the motion of niters actually combined, as 
the cafe requires, fuch defcriptions may be eflei^ed, he 
calls them by the general name oiOrganicat. When he 
wrote this treatife, the fubjci^ being new and entertains 
ing, his invention in its prime, and the ardor of his curio-, 
fity cof)tjpuaUy urging him on to farther difcoveries, he 
did not tikK time to iinilh every demonftratian tn ib ele- 
sant . a manner » he might hare dMie. His page, we 
b 3 muft 
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muft own,, is incumbered with algebraical calculations, 
and thefe' have olfended the delicate eyes of fomc critici v 
but, in anfwer to this, we may ia,j that what oSends 
them, may be very acceptable to younger fludents : nor 
indeed £hou1d we at all have mentioned this blemilh in fo 
great a work, if himfelf had not fomewhere hinted at it, 
and, in a letter to one of his trtendt, exprefled an inUn- 
tion of refuming, with his firft leifure, that whole theor]', 
and adding to it a fuppltmtnt ; (he greateft part of whicti 
had been printed feveral years ago, but whereof we have 
only an abfira& in the Philofophical Tranfaftions, 
N*- 439. In the fame volume, he gives a new theory of 
the curves which may be derived from any given curve, by 
conceiving; perpendiculars to its tangents to be drawn con- 
tinually through a given point, whofe interfedions with 
the tangents will forma new curve; from which laAa 
third may be formed in the fame manner, and fo on t« 
infimtum. This furniihes many curious thetwcms : there 
are lilccwlfe fome proportions concerning centripetal forces 
andother fubjefts, which, with the quotations he ufes, Oiew 
the great progrefs he had already made in every part of 
mathematical learning, and how well acquainted he was 
with the writings of the beft authors. 

We {ball not here repeat what has been faid concern- 
uig his piece which gained the prize of the Rtyal dcadftn^ 
ofScimut in 1724' ^^ ^^e year 1740, the jfcaJdmy ad- 
judged him a prize which did him ftill more honour, for 
accounting for the motion of the Tlths, from the theory 
of gravity ; a queftion which had been- given out the for- 
mer year, without receiving any folution. He happened 
to have oplv ten days time to draw up this paper, and 
could not find leifure to tranfcribe a .fait copy, fo that 
' the Parii edition of it is incorreftj but be afterwards 
revifed the whole, and inferted it in his Treatife of 
Fluxions. 

Nor heed we mention t3ie occafions cm which feverat 
pieces which he lent to the Ro^l Society were written : 
the following hft wiH Oxw their dates, and- the {a\^t&A 
treated of in riiem. 

1.0/ 



n,gn,-f.rihy-G60>^IC 



^ tbeAjiTH0K2 xvit 



I. O/^ canfirnawi muLmafiin rfamm, PluU Tnat, 

N". 356* 



3. J Lttter u Martin Folkca, Efy; m tiputmit wkb im* 
fa^k rttUf Mqr, 1736. N°* 394. 



S. JnnomtAtdaf Jefcriting all Kndi tftmntttti: 359^ 

Martin Folkca, £yf; m ^ygMiwn mA tm* 
,i7a6. N".39+' 

4. '•^• ' •' — CaHthaietiufftUpnmi March, rrSa. 

N».408. -. 

5. Decern, xi/?, 1732. On tbt lUftriptiak ^ aa-va%. 
with an acenmt »f farther imbnoimmCiy and a paptr dattd at 
Naocy, 271^ Nov, 173a. K". 439. 

. 6. jfn Mtetint af tit tmmiiar tetiffi tftht fun^ at Edtn^ 
burgh, Feb. 18, 1736-7. N». 447., 

7. An accnrnt ^ tbt TrtiHifi af Fhutiau, Jumuy 27/*, 
,1742-3. N". 467. 

9n-~^r-TbtJitmeitntiniitJj'Mu!cinolbtJj^Z'^,i1:^6^ . 

9. AniUfarfinMngthenuriStn^partufa^htraUimA 
tia famt aia£intfs at rf a /fitrt^ Auguft 1741. N*. 
461. 

10. Ofibt-bafn tfthi talk vfhtraix the btti dtfsfit thtir 
bene^, Noveai. 3, 1743. N*. 471. 

But the gntt work, on which he b^awed the moft 
hbour, aod which will for ever do him honour, is his 
Trtatife efFk^tm. 

The occafion of it was related above, namely the ob- 
jedions of fome ingenious ntra ^aJnft 4he doArinc of 
fluxions, on account of ttw difTcrtnt modes of explication 
which had been ufed.by di^rent authors. Nor can ic be 
denied, that the terms infinite and inpmtejimal were be-> 
come much too familiar to inathematicians, and had been 
abufed both in aritbntttit and gtametrj : At one time in- 
b 4 . troducing 
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traducing and palliating real abfurdities, and, at othen, 
giving thde'fciences anaffededmyfterious ah* which does 
not belong to them. To remedy this growing evil, and 
for ever take away the handle which it gave to cavilling, 
Mr. Machiurin found it neceflary, in demonllrating the - 
principles of fluxions, to rejei^ altogether thofe exception* 
sUetemij, and to fuppofc no other than finite determin- 
able quantities, fuch as Etulid treat's of in his geometry { 
nor to ufe any other form of dcmonQration than what the 
antients had nequently ufcd, and which had been allowed 
as tlri<^ly conclufivcfrom the firll rife of the fdence : by 
which means he has fecurcd this admirable invention from 
all fiiture attacks, and at the fame time done jul^ice to the 
accuracy of the great inventor. The work cqA him in- 
. linite pains ; but he did not grudge it : he iHought that 
in proportion *' as the general methods are valuable, it 
*' is imponaflt that they be eflabliih^ above all exception, 
** and fince they Tave us fp much time and labour, we 
*' may allow the more for illuftraiing the me[hods them- 
" fclves*." 

. To his detr.onftrations of this do^rine he hat added 
many valuaUe improTethents of it, and has happily ap- 
plied it to fo many curious and ufcful enquiries, that his 
work mdy be called a florehoufe of mathemiitical learn- 
ing, rather than a treatiie on one branch of it. The par- 
ticulars we need not enumerate, efpecially as there i; 
printed in the Philofophical Traiiradtions, N". 468,469, 
a clear and uetlvodical account of them ; to whictf wc 
refer the reader. 

Throughout this whole work, tt)oush not equally pcr- 
itSt in all its parts, becaufc of die iniinite extent qf the 
Acid into which he was led, there ap{>ear8 a very mailerly 
genius, and an uncommon addrefs. 

An ordinary artift follows the firft, not generally the 
bcft, road that prcfents ilfelf, and arrives perhaps at the 
folution of his problem ; but it will fcarcely ba either ele- 
gant or clear; one may fee there is flill fomething want-, 

* latrod. to Flaxioni, at the end. 
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ing, the refult bang Jittle more fcientific than dut 
ofttn arithmetical operation, where the given numben and 
their relations have ail diTs^peared. This was not the cafe 
of Mr. Madaurln ; he had a quick comprebeniive view, 
taking in at once all the means of invelligation i he could 
b:\t&. the fitteR; for hii purpofe, and apply- them with ex- 
quiiiec art and method. This is a faculty not to be ac- 
quired by exercife only ; we ought rather to call it a fpc^ 
cies of that tafte, the gift of nature, which in nia^e- 
matics, as in other things, diftinguiihes excellence from 
mediocrity. 

We haye in all Mr. A^ulattrini latter works, erpeci-. 
tU^ in his Treatife of Fluxions, numberlefs induces of 
this addrefs : We need only inftance in his reducing (a 
many folutions which u&d' to be managed by the higher 
orders of fluxions to thofc of an inferior order, and rtaaj 
of the queitions concerning the maxima and minanSt even 
ibmeofthemoft difficult, to plane geometry. ' 

Thefe are all the writings which our author lived to 
publifh ; fince his deceafe two volumes mare have a|^ 
pesred, his treatife of J/geira, and this account i^'Sic; 
J/oM Ntuitai^a philofbpby. 

His Algtbra^ tho' it had not the advantage to be finiihed 
by his own hand and publiOied under his eye, is yet al- 
lowed to be cxceMenC in Its kind ; containing, in no large 
, volume, a complete elementary treatife of that fciencCf as 
far as it has hitherto been qarricd ; all the mofl ufeful rules, 
which lie fcattered in fo many authors, being clearly laid 
down and demonftrued, and in the order which he had 
tbund to be the bcil in ji long courfe of methodical tcachr- 
ing. He is more fparing, it is true, in the praflical ap- 
plicatioas than moll other writers, but this was defignedly i 
he was of opinion that many of thofe applications deferve 
to be treated of apart ; and to have taken too much of 
them into his plan, would have been like disfiguring the 
element* of Euclid^ by mixing with them the rules of 
prai^cal geometry. To this work is fubjoincd, as a pro- 
per uppen^x, his Latin tr3<^ Di Li/uarum Gamftritfin^ 
fr^mtatibus giiwaliiut. It is caref'ully printed from i 
iQ manu- 
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mtaM&npt all written and correAed by ttae author^ own' 
hand % and we need c»ily add, tbat as it was among the 
laft* (o itappean to have been> in fais ownjiK^meac, one of 
the beftof his perfonnances. 

The account of Sir IJiat Nnuttn't philoft^by lies nctw 
beTore the teader ; who, by calling his eye cm the tabir af 
etmenls^ may fee the author's defign and mtchod ; and ia 
perufin|; the work kTelf will XMt^ we hope, find himl^lf 
dirappoutted. 

One queftion however may be put, which it is- proper 
for u»to obviate. Why^ in this account. Sir Ifiut Nna- 
im's grand difcoveties concerning light Mid colours, are 
but tranfiently and in general tonch^ iHxxif To this it 
is anfwered, that our author's main defWn leem* to hava 
been to explain only tbofe parts of Sir l^^s philoli^y 
that have beeni and are ftill, controverted.. But it ia 
known, that, ever lince the expcrimeats, on which tii^ 
doctrine of light and colours is founded, have been re- 
peated with due care, this do&inc h«s fullered no con- 
feeftation : WHereas his fyflem of the world, his account- 
ing for the celeftial motions, and the other great appear- 
ances of nature, from gravity, is mifunderflwid and avea 
ridiculed to this day : the wealc charge of oceult qualiiits 
has been frequently repeated ; foreign profdlbra fiill amufe 
themfelves with imaginaty triumphs ; even the polite and 
ingenious Cardinal it PaUguac is feduccd to lend them tha 
harmony of bis numbers- 
It was proper tfaerdi:»« that tbefe gentlemen (hould: 
once more be uAA (and by Mr. Maciaurin) that their ob- 
jnEHons are altogether out of feaCon ; that the fpeSres 
they are d^ly combatii^ are a creation of their own* na 
more related to Sir Ifiuu Nntiton's dodrines than obfcrra- 
tion and experience are to occult qualities ; that the fol- 
towers of Sir Jjhac Newtm will for ever aifcrt their right 
to flop where they find thcy^an get no fartbrr upon fure 
ground i and to make ufo of a principle firmly elUbliihed 
in txperience, adequate to all the -purpolea they apply it 
' to, and in every ^ication unifonn and confiltcnt witb 
itfelfi-- 
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iffelf*( although they perhaps, defpair of tracit^ tb9 
ulterioicaufeofthatpnnciple. . 

But betides that Sir JJh0c Nnwtm's treatife of optics 
wanted no defence, it may be faid likcwifc, that it fcarcQ 
admits of an explication ; it is fuch an abfolucc mi^ler- 

_ pteoe of philofophical writing* thjit it can as little be 
abridged as enlarged ; and we had better take all hii ex- 
pcnments, illuftrauons and prooft in the words in which 
be has delivered them, than rir<^c the injuring them by a 

- different dre^. As for the binta which be could not fur- 
ther purfuet and which he propofes as qiierieGi Mr. 
Matimrim had too found a judgment, and hid COO tho- 
roughly imbibed the genius and fpir't of bis great Mailer, 
to run aw^ with them^ as materials for rearing doubtftd 
theories : He leaves them as he found tbcm> till futuis 
difcoverics can give them another name. 

Befides his printed and more 6ni{hed works, Mr. Mu4 
laurin had by him a number of manufcript papers, and 
. imperfe£l ciTays on mathematical and other fubje^. Thefe 
the increafe of his diftemper did not give bioi time to put 
in order, or to leave particular diredioos how they were 
to bedifpofedof i he therefore entru (led them all tt^ethei 
to the care of three gentlemen, in whofe hands he knew 
they would be peife^tly fafe : lus honoured friend Afariim 
Ftikes, ^^^l prcfident of the Royal Society i Jlndrna 
MiuheiJy Efqi member of parliament for the fliire o£ 
^htrdiat, who, he knew, would fparc no pains to do 
juftice to the memory of a perfon whom he had fo long, 
and fo entirely, loved ; and the leverend Mr. Jthn fiiUy 
chaplain to his Grace the Archbilbop oi Canterbury, with 
whom he had for Ibme years cultivated a tnofl intimate 
fricndfliip. In confequence of this trufl, thefe eentlemen 
immediately fet about publifiiing what Mr. Meckurin had 
defigned and prepared for the prefsi his algebra, and tho 
account of hit Ifeac Ntwtm'a pbilolbpby : and bccauTs 

* Of this we fee a frefli ioftance in xfinndadmirtUik dilco. 
very of Dr. BradUy'*i of a linall nutation of the earth's axi«, 
irom the motion of the nodes of the tiuir orUi. 

they 
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diey cotild not take upon theairdves the immetliate care 
of tbcfe editions, they appointed, for that purpofe, a per- 
ibn, whofc regard for the Author's memory was a furc 
pledge of his utmofi diligence. They lilcewifc fet on foot 
and follicited a fubfcnption for the following work} 
which the fituation of Mr. Maclmrin's family made ne- 
ceflary. For not to mention, that the thoughts of a phi- 
lofopher are not much turned to the faving of^money, nor 
is his curiofity to be gratified but at a conliderable ex- 
pence, Mr. MaeUurin's liberality waa greater thaji his 
fortune could well bear : it was not advice and recom- 
mendation only that he furniflied to young men, in whom 
he could difcover a promifing and virtuous difpofition i he 
often fupplied them with money till his recommendations 
could take place. This, however, will not,, we hope, 
upon the whole, be any lofs to hb family ; as it has been 
remembered, and rewarded by the generous manner in 
which many gentlemen of worth liavc promoted this 
itibfaipcioq. 

If we tiow look back upon the numerous writings of^ 
our author, and the deep refearches he had been eiwagcd' 
in, his patience and ajBduity will be equally allonifhiag 
with his genius. To endeavour to account for it to a 
perfon #ho hag not bimfelf tafted the pleafurcs of a con- 
templative mind, would be a vain attempt. Whoever 
has devoted himlelf to worldly views, or to the mere jays 
of fenfe and imagination, muft be a ftranger to the charms 
of truth, naked, unportioned, and unadorned ; fuch as 
Mr. Afatlaurin courted her, through his whole life, with 
a moft faithful and perfevering p^on. Call his fpecu- 
lations but a kind of luxury; itu however a higher and 
more refined luxury than other purfuits can fumilh : an 
cxercife, in which the human l^ulties Jind themfelves 
the mc^ rationally employed, and the moft fenfibly 
firengthened and improved. Ac the fame time, it bcft 
diftinguilhes the limits to which they are confined i in. 
fpiring that humility which belongs to man, and makes 
a principal part of true Wifdom, tbf kwwltd^e tf tnt'i 

How 
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How great an examplcMr. Maelaurin wis of this virtue, 
thofe who had the happinefs of his acquaintvice can tef- 
tify, and his writings abundantly (hew. The farther be 
advanced in the knowledge of geometry and of nature^ 
the greater his averfion grew to perfedfyftems, hypothefc^ 
and dogmatizing ; without peevifhly defpiiing the atta|a-> 
nicnts we can arrive at, or the ufes to which they ferve| 
be faw there lay infinitely more beyond our reach ; and 
ufed to call our higheft difcopcries but a dawn of know- 
led^, fuited to our circumflances and wants in thia life ; 
which, however, we ought thankfully to acquiefce in for 
the prefent, in hopes that it will be impioved in a happier 
and more perfeA ftate. 

In weak and unexperienced minds, it is true, the ftudy 
of mathematics has often wrought quite different effeds : 
fometimes an overweening and moft ridiculous fclf- 
conceit, with a contempt of al) other ftudies ; at otbef 
times a rafh confounding of the difieient kinds of evi- 
dence, and the different fubjci^s to which they can be 
applied J fometimes, becaufe demonftnitive evidence if 
the moft perfect, it has been taken for granted there i» 
none other j or moral evidence, to bring it to the lame 
level, has beendifguifed in an awkward and difadvaiv, 
tageous drefs. But to oppofe the fmgic example of M^.' 
Maelaurin to fuch pretenders, will be a fufficient ceofura 
of their abfurd conduct } and at the fame time a fufficient- 
anfwcr to the unjuft rqiraaches, which, on occafioa 
of thefe abufe«a have been thrown out agunfl auduma- 
tictans. 

It was not mental pleafure and improvement only, 
that' Mr. Mackurin fought in his favourite fludicsi-he 
b.w their great importance in all the arts of civil life, in - 
tj^aig (as, my Lord Bacan exprefles it*) the ptvurs '§/ 
mtm, and txttnmng bit donunhn in nature. Whofocver »' 
the Iteift acquainted with the hillory or the prefent ilate 
of trade ana manufactures, is fully appriznl tbat there 

* A*v. Orfm. Lib. U 
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'a nothing great or beautiful, nothing convenient or ex- 
peditious, nothing univerTolIy beneficial, but wants tbtir 
airedion: nor arc even the hints which accident throws 
in OUT wayi to be improved to any tolerable purpofe, 
without the help oi Arithmitic and GnmtSry. 

Tothis view of general utility, Mr. Maclaurin had ac- 
commodated all his ftudiei } and we find in many places 
of hi» wotks an application, even of the moft aluhrufc 
theories, to the perfecting of mechanical arts. He tud 
jreiblvcd, foi' the fame purpofe, to compofe a courfe of 
practical mathematics, andtorefcucfeveralufeful branches 
of the fcience, from the bad treatment they often meet 
Vith in lefs fkilful hands. But all this his dcub has de- 
prived lis of i unlefs we would reckon as > part of hia in- 
tended work, the tranjlation of Dr. D3vid Gregory'^ prac- 
tical geometry, which he revifed and publifhed, with ad- 
ditioQs* in the yeftr i;45, - 

In tus life-time, however, he often had the pleafure t» 
ftrve hia frienda and country by his fuperior fkill. What* 
over diiEculty occurred concerning the conftruAitui a^ 
pctfe^ii^ of machines, the working of mines, the im- 
lamremBnt of manufactures, the conveying of water, or 
the exccudoa of any other public work, Mr. j^^acUmrin 
was at hand to relblve it. He waa likewift employed to 
terounate foax difputes of confequence, that had axika at 
d^^Aw concerning the gauging of veiielsj and for that 
vu^okt prefented to the comaufioners of excife two ela- 
borate memorials, conuining rules by which the officers 
now a£t, with their demonflrationi. 

■ But What muft have given him a higher fad»faaion 
llian any thing elfe of this kind, was the calculations h« 
n»ade» relativ* to that wfe and humane provifion, which 
is i»w eftabliflwd by law, for the children and widows of 
the ScHih clergy, and of the profeflbrs in the univer- 
fities 1 entitling them to certain annaittes and ftinw, upon 
the voluntary annual payment of a certain fum by the 
iljcumbent. In csotriving and adjtifting the fchenw, Mr.- 
i^laurm had beftowed great labour j and thegende- 
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men who were appointed to fdilcit the affair aiLmJut, 
own that the authority of his. name was of g[«at ufe to 
jdicm, for removing any doubts that were moved concern- 
ing the fuffidency of the pro|iofed fuad, or the- due pro- 
portion of the fums and annuities. 

To find himfelf thus eminently ofeful, even to late 
pofterity, mult have been a delightful enjoyment. But 
what ftill more todeared his ftudtes to him, waa the ufe 
they arc of in demonftrating the Being and Attributes of 
the Almighty Creator, and cdablilhing the principles of 
natural religion on a folid foundation; equally fecure 
againft the idle fophiftry of Mpiiureims, and the dangcrouj 
refinements of modem meia^fidant. He agreed with the 
great Mr. Cott! *,. in thinking that the innuUdge ef nature 
wiil ever be the firmeji hukuark agmnjt Alhtifm, and con- 
icqucntly the fureft foundation of true religion- This 
knowledge does more than excite mere wandering ; it in- 
ures love and adoration of the Creator,, our reafonable 
Service : for it muft be a fuperficial view ofnature, indeed, 
that fuggefls no relation, or dutfy to Him in whom we IfOe^ 
move, dnd have tur being. The argument from final caufes, 
fi-om^ the order and deiign that evidently fhcws itfelf 
throughout the univcrfc, Mr. Maclaurin held to be the 
fhortdft and funplefi of all others ; and confequently of 
nioft general ufe, and the .beil adapted to the human fa- 
cultieE ; whereas metaphyfical dedudtions are to be appre- 
hended but by the few, and are ever liable to be per- 
verted. So that altbo' he could ufe them with as much 
fubtlety and force as any man living, he chofe rather, in 
his convcrlatioa as well as his writings, to bring the dif- 
pute to a fliort ifliie in bis own way. 

He was no lefs ftrenuaus in the defence of revealed re- 
ligion ; which he would warmlv undertaici as often as it 
was attacked, either occafionally in converfation, oi in 
thofe pernicious books which have brought the name of 
Frec'thiakec into'difgrace, and have fo mucb coi;iribuIed 
to fpoil our tafle as well as our morah : and how firm his 

T In Frzfat. ad AVa/, Frindpia, 
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own pcffoafioii of it wisj appeared from the fupport it xf" 
fwdea bitn in bis loft hours. 

Such was the life of this eminent perfiu) ; fpent in * 
courfe of IftboriouE, yet not painful ftudy ; in continuilif 
doing good to the utmoft of his power : in improving 
curious xnd ufef^ artsj and propagating truth, virtu'i^, 
aind religion amongft maiilcind. He was taken from i;^ 
at an age when he was capable of doing much more ; but 
' has left an example which^ we hope, will be long admired 
and ipiitaied : till the revolution of human affairs puts an 
end to learning in thefe parts of the world ; or the ficlcle- 
nefs of men, and their fatiety of the beft things, have 
iubftiiuted for this philofophy fome empty form of falfe 
Ibience ; and, by the one or the other means, we are 
brought bacic to pur original fl»te of barbarifni. 
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Of the method of proceeding in natural philofopby, 
and the 'various Jyjiems of pbilofipbers. 



CHAP. I. 

A general view of Sir Ifaac NcwtonV method, and of 
his account of the fyjiem of the world. 

I . t' ■ \0 defcribe the phenomena of nature, to ex- 
I plain their caufcs, to trace the reJauons 
-1. and dependencies of thofe caufes, and to 
inquire into the whole conftitution of the univerfe, 
is the bufinefs of natural philofophy. A ftrong curl- ' 
olity has prompted men in all times to ftudy nature % 
every ufeful an has fome connexion with this'fcience j 
and the unexhaufted beauty and variety of things 
makes it ever agreeable, new, and furpriling. 

But natural philofophy is fubfervient tOL.purpofcs 
of a higher kind, and is chiefly to be valued as it lays 
a fure foundation for natiiral religion and moral phi- ,' 
loibphy ; by leading us, in a fatisfaftory manner, to 
the knowledge of the Author and Governor of the 
univerfe. To ftudy nature is to fearch into his work- 
manfl)ip : every new difcovery opens to us a new part 
of his fcheme. And while we ftill meet, in our in- 
quiries, with hints of greater things yet undifcovo,red, 
the mind is kept in a pleaiing expectation of making 
z further progrefs y acquiring at the fame time higher 
conceptions of that great Being, whofe works are fo 
various and hard to be CQDiprehended, 

B a Our 
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Our views of Nature, however imperfeft, fcrve to 
reprefent to us in the rroft fenfible manner, that 
mighty power which prevails ^throughout, afting 
with a mrce and efHcacy that appears to fufier no 
(iinunution from the greateft diltances of fpace or 
intervals of time % and that wtiBQai which we fee 
equally difpiaycd in the cxquifice ftruCture andjuft 
morions of the greatcft and fubtileft parts. Thelc, 
with perfcdt goodnefs, by which they are evidently 
direfted, conftitute the fupreme objeft of the fpecu- 
lations of a philofopher \ who, while he contemplates 
and admires fo excellent a fyftem, cannot but be him- 
iclf excited and animated to correfpond with the 
general harmony of nature. 

In order to obtain thofe great purpofes, we rauft 
not proceed haftily in our enquiries, but with the ut- 
moft caution. Falfe fchemes of natural philofophy 
may lead to atheifm, or fuggeft opinions, concern- 
ing the Deity and the univeric, of moft dangerous 
confequence to mankind ; and have been frequently 
employed to fupport fuch opinions. We have the 
more realbn to be on our guard, becaufe philofo- 
phers have, on many bccafions, Ihown an unac- 
countable difpofition to give into extravagant fic- 
tions in their accounts of nature. , A cojifiderable 
party adopted, of old, that monftrous fyftem, which, . 
excluding the influences of a Deity *, attempted to 
explain the formation of the univerfe from the acci- 
dental play of atoms, and derived the ineOable 
beauty of things, even life and thought icfelf^ from 
a lucky hit in the blind uproar. An horror at the 
dire eftefts of fuperftition may have induced them 
to have rccourfe to a doifbrinc fo oppofite to com- 
mon fcnle and reafon ; but we have not even this 

* txcrit. dc »riiBi natiira, lib. I. v. $i, i£t. 
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exciifc to o^r in defence of (bmc modern ^hilofo- 
phcrs of great name, who feem to have copied too 
much after thofe maftefs, in their mechanical accounts 
of the produftion of the material fyftem. 

While wc guard againft athcifm and opinions that 
' approach towards it, we ought likewife to beware of 
liftcning to fuperftition -, which difcourages inquiries 
into nature, left, by having our views enlarged, we 
fhould efcapc from her bonds, and our difcoveries 
ihould weaken fome darling tenets. If thofe tenet* 
are true, they will rather be confirmed by our in- 
quiries ; and if they arc falfe, furely it is better 
they Ihould be dctefted.- We may purfue truth 
fteadily, fecure that it wilt be always found confiftent 
with itfelf, and ftands ift no need of the jeaioufics 
and dark fufpicibns of thefuperftidous to fupport it; 
in whofe hands truth itfelf is apt to fuffer by the 
bafe alloy they mix with it, and by the detefted means 
which they have too often employed to maintain fo 
incongruous an union. The philofophers who have 
been devoted to fo mean views, have never failed 
to expofc tfiemfelves to juft ridicule, without doing 
fcrvicc to the caufe which they efpoufed. Co/mas In' 
dopJewjies * of old, mified by an injudicious zeal, 
compiled a fyftem of nature from fome expreffions in 
the facr'ed writings j which, agsioft the conftant and 
nniverfa! ufe of language, he wOuld need* underftand 
in the moft literal and the very- ftriifteft fenfe. 

The earth therefore, according to him, was not 
globular, but an immenfe plane of a greater length 
than breadth, environed by an unpaflable ocean. 

• F'aBrit. bibliotheca grseca, vol. II, p. 609, i^c. where no 
account is given from Photsiis and others of this aulhoi, with a 
figure to illultrate bU fyllcin. 
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. He placed a huge mountain towards the north, 

around which the fun and ftars performed their diur- 
nal revolutions ; and from the conical fhape which 
he afcribed to it, with the oblique motion of the 
fur, he accounted for the inequality of the days and 
the variation of the feafons. The vault of heaven 
leaned upon the earth extended beyond the ocean, 
being likewife fupported by two vaft columns : be- 
neath the arch, angels conduded the ftars in their va- 
rious motions. Above it were the celeftial waters, 
and above all he placed the fupreme heavens. How- 
ever abfurd the conceits of this author, who wrote 
in darker times, may appear, we have a more inex- 
cufable inftance, in the !aft century, of the fame 
kind, in what Kircher calls his Ecftatic Voyage to 
the Planets j who, after m^ny great difcoveries had 
been made concerning the celeftial bodies, produced 
nothing worthy * of fo noble a fubjeft, or of his own 
extenfive learning and invention, having determined 
to make a facrifice of both to certain decrees of the 
church of Home : he defcends even fo low as to 
adopt the folly or rather impiety, of aftrologers, in 
deriving the good or evil that happens to man from 
the propitious or malignant influences of planets. 
True religion requires no fuch facrificcs i nor are its 
interefts advanced by feigning philofophical fyftems 
purpofely to .favour it ; for when we afterwards find 
thcfe to be ill-grounded, we may be in danger of 
-falling into fcepticifm. 

An entire liberty muft be allowed in our en- 
quiries, that natural philofophy may become fubfer-r 

• In the planet Venus, far example, he finds no other amafe- 

inent bilt to admire the Jimpid waters and beautiful cryftals he 
found there; and to aflc the genie, his companion and guide, 
whether baptifm with fuch water would be valid. The .reft ij 
pf a piece with this. 
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vicnt to the moft valuable purpofes, and acquire alt 
the certainty and perfection of which it is capable : 
but vt ought not to abufe this liberty \s>f fufpofing 
inftead of enquiring^ and by imagining fyftems, in- 
ftead of learning from obfer»at?on and ci^rience the 
true conftitution of things. Speculative men, by tiw 
force of genius, may' invent fyftems that will per- 
Jiaps be greatly admired for a rime ; theft, however, 
are phantoms which the force of truth will fooncr or 
later difpel : and while we are pleafed with the de- 
ceit, true philofophy, with all the arts and improve- 
ments that depend upon ir, fuffers. The real ilate 
of things efcapes our o&fcrvation : or, if it prefents 
itfelf to us, wc are apt either to rejeit it wholly as 
;fi£lion, or, by new efforts of a vain ingenuity, 
to interweave it with our own conceits, and labour 
to make it tally with our favourite fchemes. Thus, 
by blending together parts fo ill fuited, the whole 
conies forth an abfurd compolition of truth and 
rrror. 

Of the many difficulties that have ftood in the 
way of philofophy, this vanity perhaps has had the 
worft effcifts. The love of the marvellous, and the 
prqudices of fcnfe, obftruded the progrefs of na- 
tural knowledge ; but experience and reflcdion foon 
taught men to examine and endeavour to correct 
thefe. Tho* philofophers met with great difcourage- 
ments in the dark and fuperftitious ages, learning 
flouriftied with Uberty, in better times. The dif^ 
putes amongft the fcfts, more fond of viflory than 
of truth, produced a talkative fort of philofophy, 
and a vain oftentation of learning, that prevailed for 
a long time 1 but men could not be always diverted' 
from purfuing after more real knowledge. Theft 
have not done near io much harm, as that pride and 
ambition, which has led philofophers to think it be- 
B 4 neath 
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ncath' ticni, to, offer any thing lefs ta the world 
(ban a comptete aod &)i&ed SyBxra of nature ; and, 
in order to obtain tbis m onccv to Bake the liber- 
ty oi U).venti;]g certaie principles and hypothec 
ita, from which they pretend to explun dl ber 
myfteries- 

2. Sir i/iitff Newtim faw how. extravagant fuch ab- 
tempis were, and theieforc did, not fei out with any 
favourite principle or fuppoliiion, never piopoCbg 
to himfelf the invention of a tyftera. He faw that it 
vras neccffaiy to coniliU: nature , herfelf, to attend 
carefully to. lu:r manifeft operations, and to extort 
ber fecreis from her by well-chofcn and repealed ex- 
perimenta. . He woukl admit no. obieftipos agaiaft 
plain cKperience ft»ai meuphyfKal ctu&derations, 
which, he faw, had oken. miiled philoibphers, and 
had feldom. been of real ufe in their enquiries. He 
avoided prefumption, he had the.neceOary patience as 
well as genius j and having kept ftcadily to the right 
path, he therefore fucceeded. 

Experiments ami obfbrvations, it is true, could ntx. 
^one have carried him far in tracing the caufes from 
their effects, and explaining the effiidls from their 
caules : a fublime geometry was his guide in this 
nice and diificult enquiry. This is the inftrument, 
by which alone the machinery of a w^k, made with 
ib much art, could be unfolded -, and therefore he 
fought 60 carry it to the greateft height. Nor is ic 
eafy to difccro, whether he. has fhewed greater ikill, 
and been more fuccefsful, in improving and pcr- 
feftiflgthe inilrument, or in. applying it to ufe. He 
ufcdto- call his philolbphy experisuntal pbilefepiy, 
intimating, by the namo, the eHential difference 
there is betwixt it and thofe fyftems that arc the pro- 
diidtof genius and invention only. Thefe could not 

long 
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long fubfift ; but bis philofophy, being ibunded on 
experiment and deibonftration, cannoc fail till reafon 
or the nature of things are changed. 

In order to proceed with perfeft fecurity, and to 
put an end for ever to difputes, he propofed that, 
in our inquiries into nature, the methcxls of avai^ts 
znA fyntbefis fliould be both employed in a proper or- 
der ; that we fhould begirv with the phxnomcna, or 
«ffcds, and from them invcftigate the powers or 
taufes that operate in nature i that, from particular 
eaufcs, we Ihould proceed to the more general ones, 
till the atgument end in the mofl: general : this is 
the method of analyfis. Being once pofleft of thefe 
caufes, we fhoiild then defcend in a contrary order; 
and from them, as eftabliOied principles, explain all 
the phaenomena that are their confcquences, and 
prove our explications : and this is \kt fyntbefis. It - 
^ is evident that, as in mathematics, fo in natural phi- 
lofb'phy, the inveftigaiion of difficult things by the 
method of anafyfis ought ever to precede the metliod 
of compofition, or the fyntbefis. For in any other 
way, we can never be fure that we affume the prin- 
ciples which really obtain in nature -, and that our 
fyftem, after we have compofed it with great labour, 
is not mere dream and iltufion. 

By proceeding according to this method, he de- 
monftrated from obfervations, analytically, that gra- 
vity is a general principle •, from which he afterwards 
explained the fyltem of the world. By analyfis he 
difcovered new and wonderful propecties of light, 
and, from thefe, accounted for many curious phsno- 
men'a \a' z. Jynthetic way. But while he was thus de- 
monftrating a great number of truths, he could not 
but meet with hints of many other things, that his 
fagacity and diligent obfervation fuggelkd to him, 

which 
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which he was not able to eftablifli with equal cer- 
tainty : and as thefe were not to be ncglcfted, ■ but to 
be feparated with care from the others, he therefore 
colleftcd them together, and propofed them under 
the modeft title of querus. 

By diftinguifhing thefe fo carefully from each 
other, he has done the grcateft fervice to this part 
of learning, and has fecured his philofophy againft 
any hazard of being difprovcd or weakened by fu- 
ture dii'coveries. He has taken care to give nothing 
for demonftration but what muft ever be found fvlch ; 
and having feparated from this what hc owns is not 
fo certain, he has opened matter for the inquiries «f 
future ages, which may confirm and enlarge his 
doftrines, but can never refute them. He knew 
where to flop when experiments were wanting, and 
when the lubtilty of nature carried things out of his 
reach : nor would he abufe the great authority and ^ 
reputation he had acquired, by delivering his opinion 
concerning theie, otherwife than as matter of quef- 
tion. Ic Was long before hc could be prevailed on 
to propofc his opinion or conjeflures concerning the 
caufe of gravity j and what he has faid of it, and of 
the other powers that aft on the minute particles of 
matter, is delivered with' a modefty and diffidence 
fcldom to he met with amongft philolbphers of a lefs " 
natne. Nor do they aft in a conformity with the 
fpirit of iliis philofophy who fpeak dogmatically on 
thefe fubjcfts, till a clearer light from new obferva- 
lions and experiments brings them from the clafs of 
queries, and places them on the level of demonftra- 
tion. ., 

g. Such was tlie method of our incomparable phi- 
lofopher, whofe caution and modefty will ever do 
"him thegreaiefl honogr in the opinion of the un- 
prejudiced. 
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prejudiced. But t^is ftrift method of proceeding 
was not rcliJhcd by thofe who had been accuftomea 
to treat philofophy in a very different way, and who , 
faw that, by following it, they muft give up their 
favourite lyftems. His obfervations and reafonings 
were unexceptionable ; fo, finding nothing to ob- 
ject to thefe, they endeavoured to leflen the character 
of his philofophy by general indire<ft insinuations, and, 
Ibmetimes, by unjuft calumnies. They pretended 
to find a rtfemblance between his doftrines and the ' 
exploded tenets of the fcholaftic philofophy. They 
triumphed mightily in treating gravity as an occult 
quality, becaufe he did not pretend to deduce this 
principle fully from its caufe. His extending over 
all the fyftem a power which b fo well known to us 
on the earth, and explaining by it the motions and 
influences of the celeftial bodies, in thejnoft fatisfac- 
tory manner ; and his determining the meafures of 
the various motions that are conlequences of this . 
power, by fo Ikilful an application of geometry||to 
nature -, all thefe had no merit with fuch philofo- 
phers, becaufe he did not aflign the mechanical caufe 
of gravity. I know not that ever it was made an ob- 
jeftion to the circulation of the blood, that there is no 
fmaU difficulty in accounting for it mechanically ; 
for they who firft extended gravity to air, vapour, 
and to all bodies round the earth, had their praife, 
though the caufe of gravity was as obfcure as before ; 
or rather appeared more myflerious, after they had 
fiiewn that there was no body found near the earth, 
exempt from gravity, that might be fuppofed to be 
its caufe. Why then were his admirable difcoveries, 
by which this principle was extended over the uni- 
verfe, fo ill relifhed by fome philofophers ? The truth 
is, he had, with great evidence, overthrown the 
boafted fchemes by which they pretended to unravel 
sll the myfteries of nature -, and the philofophy he 
3" • iistroduced. 
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introduced, in place of them, carrying with it a 
iincere confeflioti of our being far from a com- 
plete and perfect knowledge of it, could not pleafc 
thofe who had been accuftomed to imagine thcm- 
felves poflefled of the eternal reafons and primary 
caufes of all things. 

But to all fuch as have juft notions of the great 
Author of the univerfe, and of his admirable work- 
manlhip. Sir Ifaac Newton's caution and modefty 
will recommend his philofophy ; and even the 
avowed imperfection of fome parts of it will, to 
them, rather appear a confequence of its conformity 
with nature. To fuch, all conlplete and finifhed 
fyftems muft appear very fufpicious : they will not 
be furprized that refined fpeculations, or even the 
labours of a few ages, are not fuilicient to unfold the 
whole tonftitution of things, and trace every phjeno- 
menan througii all the chain of caufes to the firft 
caufe. Is the admirable progrefs which has been 
made in this arduous purfuit to be defpifed or ne- 
gleifted, bccaule more remains behind uiidifcovered ? 
Surely wc ought rather to rejoice that fo much is 
opened to us of the confummate art by which ail 
things were made, and ought to be afraid to intermix 
with it our own extravagant conceits. 

The procefles of nature lie fo deep, that, after all 
the pains we can take, much, perhaps, will remain 
undifcovered beyond the reach of human art or fkill. 
But this is no reafon why we fhould give ourfelves 
' up to the belief of fiftions, be they ever fo ingeni- ■ 
ous, inftciid of hearkening to the unerring voice of 
nature ; for Ihc alone can guide us in her own la- 
byrinths ; ' and it is a confequence of her real beauty, 
that the leaft part of true philofophy is incomparably 
more beautiful than the moft complete fyftems which 

have 
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have been the produS of invention. This is parti- 
cularly true of Sir Ifaac NtwtotCs philofophy ; and 
we may. compare it, in this refpetfl with thofe cele- 
brated pieces (;if Apelles, which, though they never ' 
received his laft hand, were in greater admiration 
nmongik the ancients; than the mott finilhed pieces of 
pther artifts : ancj we wifli pofterity may not find 
caufe to fay of this p'hilofbphy what thc' ancients faid 

pf thofe pieces, Ipfum defeiium ceffijft in gloriam 

artificisy nee qui fuccederet eperi ad prtsfcripta iinea- 
menta inventutufuijfe. Plin. 

4. It was, however, no new thing that this philo- 
fophy fliould meet with oppofition. All the iifeful 
difcoveries that were made in former times, and par- 
ticularly in the laft century, had to ftrutrglewith the 
prejudices of thofe who had accuftomed themfelves 
not fo much as to think but in a certain fyilcmatic 
way; who could not be prevailed on to abandon 
their favourite fchemes, while they were able to ima- 
gine the leaft pretext for continuing the difpute : 
every art and talent was difplayed to fupport their 
falling caufej no aid fcemcd foreign to them that 
could in any manner annoy their adverfary ; and 
fuch often was their obftinacy, that truth was able co 
make little progr^fs, till they were fuccecdcd by 
younger perfons who had not fo ftrongly imbibed 
their prejudices. 

Sir Ifaac Newton had very early experience of tins 
temper of philofophers, and appears to have been 
difcouraged by it. He had a particular averfion to 
difputes, and was with difficulty induced to enter into 
any controvcrfy. The warm oppofition his admi- 
rable difcoveries in optics met wiih, in his youth, 
deprived the world of a full account of tliem lor 
many years, till there appeared a greater .dilpofiiian 
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among the, learned to receive them ; and induced 
him to retain other important inventions by him, 
from an apprehenfion of the drfputes in which a 
publication might involve him. He thus weighed 
the reafons of things impartially and coolly, before 
a publication of them can be fufpeiftcd to liavc en- 
gaged him in their defence. It is well known how 
flow he was in publKhiag : and we cannot but ob- . 
ferve that the temper and difpofition of mind, as well 
as the abilities of this great man, fitted him in a par- 
ticular manner for penetrating far into nature and 
unfolding her harmony. 

Nor .did his averfion to difputes proceed from the 
love of quiet only. Philofophy had been in high 
cfteem of old, but had loft its antient luftre from the 
endlefs idle janglings that had arifen amongffi the 
fefts J and could never recover ij: while a faculty of 
inventing a fyftem readily, and defending it obfti- 
natcly, were the admired talents of a philofopher. 
"While one age or fe£t overturned for the moft part 
the laborious productions of another, many of the 
wifer fort defpaired of acquiring certainty in natural' 
knowledge, and chofe rather to content themfelves 
with the general view of things, open to all men, 
than attach themfelves to fchemes which produced 
no real fruit, and really led them farther from the 
truth. Our authoF'tierefore propofed that all preju- 
dices Ihould be lai^ Side, and the genuine method of 
treating natural philofophy, which we have.defcribed 
from him, Ihould be clofely followed. By his adher- 
ing to it himfelf, we are fccure that truth and nature 
are on his fide -, and by following the excellent mo- 
dels which he has given us, we may be able to make 
farther advances. 

Others have pretended to explain the whole con- 
ftitution of things by what they call clear ideas; and 

by 
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by mere abftrafted fpeculations. They exprefs a 
contempt * for that knowledge of caufes which is -de- 
rived from the contemplation of theireffefts", and are 
unwilling to condefcend to any other fciencc than that 
of effefts from their caufes. Therefore they fct out 
from ihc Jirft caufe ;■ and from their ideas of him prt- 
rend to unfold the whole chain, and to trace a com- 
plete fcheme of his works. ' This is the philofophy ' 
that ftands in oppofition to our author's to this day. 
It flatters human vanity fo much, and fets out in fo 
pompous a manner, that they who attend not to the . 
unexhauftible variety of nature, and confider not how 
unequal the human powers are- to fo ' arduous an un- 
dertaking, are deluded by its promifes. It may be 
doubted if fuch a philofophy lies within the reach of 
any created being j and it feems to be very plain that 
it far fiirpafles the reach of men. But fincc many 
are devoted to this phantom, and ufe all their art to ' 
adorn, and recommend it to more admirw'S, it wilt 
be neceflary for the fervice of truth, that, while we 
proceed, we have in view likewife the dete£tion of 
this impofture. 

5. The view of nature, which is the immediate 
objed of fenfe, is very imperfeft, and of a fmall 
extent ; but by the alfiftance of art, and the help of 
our reafon, 15' enlarged till it lofes itfelf in an in- 
finity on cither hand. The immenfity of things on 



* Perfpicuam eft optitnam philolbpbandi viam tux fcqoutu- 
TO!, li. ex ipfius Dei cogntttone, rerum ab eo creatarum explica- 
tioneni deducere conemur, ut iia fcientiam perfeftiffimam, qus 
eft efFedunm per caufas, acquiramus. Cm-tei Princip. part IL 
$ zz. Afterwarda, having occaTion Co Tpeak of the phxnoniena, 
be takes care to tel! us, tiiat he would not make ufe of them to 
prove any thing from them, becaafe he wanted to derive the 
knowledge of e&fts from their caufes, and not reciprocally thac 
of the caufes from their elFefb. Princip, part Ul. ^ 4, he. 
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the one fide, and their " minutenefs on the other, 
carry them equally out of our reach, and conceal 
from us the far greater and more noble part of phy- 
fical operations. As magnitude of every fort, ab- 
ftraftly conlidered, is capable of being increafed to 
infinity, and is alfo divi0ble without end ; fo we 
find that, in nature, the limits of the grcateft and 
lealt dimenfions of things are adually placed at an. 
immenfe diftancc from each other. We can perceive 
no bounds of the vaA expanfe in which natural cau- 
fes operate, and can fix no border or termination of 
the iiniverie j and we are equally at a lofs when 
we endeavour to trace things to their elements, and 
to difcover the limits which conclude the fubdivifions 
of matter. The objedts which we commonly call 
great vanilh when we contemplate the vaft bodj' of 
the earth ; the terraqueous globe itfelf is foon lofi: 
in the folar fyftem : in fomc parts it is feen as a 
diftant ftar. In great part it is unknown, or vifible 
only at rare times to vigilant obfervers, aflifted, 
perhaps, with an art like to that by which Galileo 
was enabled to difcover fo many new parts of the 
fyftem. The fun itfelf dwindles into a ftar; Sa- 
/ars's vaft orbit, mid the orbits of all the comets, 
croud into a point, when viewed from numberlefs 
places between the earth and the neareft fixed ftars. 
Other funs kindle light to ■illuminate other fyftems 
where our fun's rays, are unperceived ; but they alfo 
are fwallowed up in the vaft expanfe. Eveo all the 
fyftems of the ftars that fparkle in the cleareft Iky 
muft poflefs a fmall corner only of that fpace over 
which fuch fyftems are difpcrfcd, fmce more ftars 
are difcovered in one conftcllation, by the tclcfcope, 
than the naked eye perceives in the whole heavens*. 

* In the coaflelUtioB of OrieH, 2000 ftars have been num- 
Wicd by aftronomcrs. 

y After 
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■ After wc have rifen fo high, and left all definite mea- 
fures fo far behind us, we find ourlelves no nearer to 
A term or limit ; for all this is nothing to what majf 
be dilplayed in the infinite expanfe, beyond the re- 
liiotcft ftars that ever have been difcovered. 

If we defcend in the fcale of nature, towards the 
bther limit, we find a Hlcc gradation from minute 
bbje(5ts to others incomparably more fubtile, and arc 
led as far below fenfible mcafures as we were before 
Carried above them, by fimilar fteps that foon become 
hid to us in equal obfcurity. We have ground to 
believe that ihefe fubdivifions of matter have a teri. 
niinacion, and that the elementary particles of bodies 
Are folid and uncompounded, fo as to undergo no. 
alteration in the various operation of nature or of 
art. But from microfcopical obfervations thai dil- 
cover animals, thoufands of which could fcarce form 
. a particle perceptible to the unatfifted fenle, each of 
which have their proper veffels, and fluids circtiladng ■ 
in thofc veflels ; from the propagation, nourifliment; 
and growth of thofe animals -, from the fubtilty of 
the effluvia of bodies retaining their particular pro- 
perties after fo prodigious a rarefaftion i from many 
aftonifhing experiments of chymifts -, and efpecially 
from the inconceivable minuter.efs of the particles 
of light, 'that find a paflage equally in all direiftions 
through the pores of tranfpareni bodies, and from 
the contrary properties of the different fides of the 
fame ray-f ; it appears, that the fubdivifions of the 
particles of bodies defcend by a number of fteps or 
degrees that furpaltes all imagination, and that na- 
ture is inexhauftible by us on every fide. , Nor is 
it in the magnitude of bodies only that this endlefs 
gradation Is co be obfervcd. Of motiolis, fome are 

t Ntiotea'i Of/ia. Qgeiy 16. 
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performed in moments of time; others are finiftied 
in very Jong periods : feme are too flow, and others 
too fwift, to be perceptible by us. The tracing the 
chain of caufes is the moft noble purfuit of philofo- 
- phy i but we meet with no caiifc but what is, iifelf, 
to be confidered as an cffcft, and arc able to number 
but few linksof the chain. In every kind of magni- 
tude, there is a degree or fort to which our fenfe 
is proportioned, the perception and knowledge of 
which is of greateft life to mankind. The fame is 
the ground- work of philofophy * ; for the' all forts 
and degrees are equally the objeifl of philofophical 
fpeculation -, yet it is from thofc which arc propor- 
tioned to fenfe that a philofophcr muft fet out in his 
enquiries, afcending or defcending afterwards as his 
purfuits may require. He does well indeed to take 

• If we were to examine more particolarly the ricuation of 
man in nature, we Ihauld lind reafon to conclude, perhaps, chat 
it is well adapted to one of his faculties and iocKnacions, for 
extending bis knowledge, in fuch a manner at might be con- 
fifttnt with other duties incumbent upon him ; and that they 
have not judged rightly who have compared him in this refpett 
(Spinas. Epill. ij,)w"h the animalcules in the blcod difco- 
vered by microfcopes. He muft be allowed to be the fird being 
that pertains to this globe, which, for any thing we know, may 
be as conjlderable (not in magnitude, but in more valuable re- 
fpefts) as any in the folar fyllem, which ii iifelf, perhaps, not 
inferior co any other fyllem in thefe parts of tha vait expanfe. 
By occupying a lower place in r.aiui-c, man might have moro 
eafily feen what paJIes amongft the minute particles of matter, 
but he would have loll more than he could have gaini:d by this 
advantage. He would have been in no condition to inftiiuta 
an analyfis of nature, in that cafe. On the other hand, w^ 
doubt not but there are excellent reafons )vhy he Diould. not 
have accefs to the dillant parts of the fyliem, and mu{l be con- 
tented at prefcnt with a very imperfcft knowledge of them. 
The duties incumbent upon him, as a member of focieiy, might 
have fufiercd by too great an attention to th;m, or Cflramunici- 
tion with them. Had he been indulged in s cotrefpondence 
with the planets, he next would have defired to pry into th« 
date of. the fixed liart, and at length to comprehend infinite 

fpACC, 
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his views from many points of fight, and fupply the 
defefe of fenfe by a well-regulated imagination j 
'nor is he to be confined by any limit in fpace or 
time : but as his knowledge of nature is founded on 
the obfervation of fenfible things, he muft begin with 
thefc, and muft often return to them^ to examine 
his progrefs by them. Here is his" fecure hold ; 
and as he fcts out from thence, fo if he likewjfe, trace 
not often his fteps backwards with caution; he will 
be in hazard of lofing his way in the labyrinths of 
nature. 

6. From this Oiort view of nature, afid of the 
fituation of man, confidered as a fpcdator xtf its 
phscnomena and as an inquirer into its conftitution, 
we may form fome judgment of the projeft of thofe, 
ftho, in compbfing their fyftems, begin at tl:e fum- 
mit of the fcale, and then, by clear ideas, pretend 
to defcend through all its fteps with great pomp and 
facility, fo as in one view to explain all things. 
The procefics in experimental philofophy arc carried 
on in a different manner : the beginnirgs are lefs 
lofty, but the fcheme improves as we arife from 
particular obfervations, to more general and more 
juft views. It muft be owned, indeed, that philo- 
fophy would be perfect, if our view of nature, from 
the common objedts of fenfe, to the limits of the 
univerfe upwards, and to the elements of things 
downwards, was complete ; and the powers or cau- 
fcs that operate in the whole were known. But if 
we compare the extent of this fcheme with the 
powers of mankind, we fhall be obliged to allow 
the ncceffity of caking it in parts, and of proceed- 
ing with all the caution and care we are capable 
of, in enquiring into each part. VVhen we perceive 
fuch wonders, as naturalifts have difcovered, in the 
minuteft objeds, Ihall we pretend to defcribe fo 
C a eafijy 
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eaGly the productions of inEnite power in fpacc, 

that is at the fame time infinitely extended and in- 
finitely divifible ? Surely we may rather im^ine, 
that in the whole, there will be nutter for the 
inquiries and perpetua} admifatioa of much more 
perfcd beings. 

It 13 not therefore the bufinefs of philofophy, in our 
prcfent iituation in the univerfc, to attempt to take 
in at once, in one view, the whole fcheme of nature j 
but to extend with great care and circumfpeiHon, 
our knowledge, by juft fteps, from fenfible things, as' 
far as our obfcrvations or reafonings from them will 
carry us, in our inquiries concerning cither the 
greater motions and operations of nature, or her more 
iubtile and hidden works. In this way Sir Isaac 
Newton proceeded in his difcoveries : he eflabliihed 
his account of the fyftem of the world upon the 
beft aftronomical obfcrvations, on the one hand ; 
and performed himfelf, on the other, with the 
greateft addrefs, the experiments by which he was 
enabled to pry into the more fecret operations of na- 
ture amongll: the minute particles of matter. On 
either fide he has extended our views very far, and 
has left valuable hints and intimations of what yet 
lies involved in obfcurity. 

For thofe purpofes he has giyen us two incompa- 
rable trearifes, tlie mod perfect in their kind philo- 
fophy has to boaft of ; his mathematical Principles 
of Natural Philofophy, and his Treatife of Optics. 
In the firft he defcribes the fyftem of the world, 
and demonftrates the powers which govern the ce- 
leftial motions, and produce their mutual influences. 
Thefe arc extended from the center of the fun to 
the utmoft altitude of the higheft comet, and pro- 
bably to the farthelt limits of the univeric. Nor 

arc 
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arc thefe new or abftrufe principles, like to thofe 
which never had a being but in the imagination of ' 
philofophers, but the fame which are moll familiar to 
mankind, and in common ufe, farther extended and 
more accurately defined. In the fecond, he treats of 
light, which, though the moft potent agent in nature, 
that is fenfible to us, a^is only at the Icall diftances. 
His admirable difcoveries, on this fubjedt, led him 
to fcarch into the motions that are amongft the mi- 
nute particles of matter, the moft abftrufe of all na- 
tural phenomena. 

In the firft, he had the obfervations of aftrono- 
mers for many ages to build on, with valuable con- 
fequences that had been derived from them, by the 
laborious calculations of diligent and ingenious men. 
The conftancy and regLilarity of the celeftial motions 
had contributed, with the obfervations of fonie thou- 
fands of years, to render aftronomy the moft exaft 
part of the hiftory of nature ; the doftrine of co- 
mets only excepted. The vaft diftances of the 
great bodies which compofe the fyftcm, from each 
other, rather favoured a juft anahffis of the powers 
by which they aft on one another j fince by the 
grcatnefs of the diftance, thefe miift be reduced co a 
few fimple principles, and be the more cafily dil'co- 
vcred. In the fecond treatife, he inquires into xx\.,xc 
hidden parts of nature, and had motl of the phxng- 
mena themfelves to trace, as well as their caufes. 
The fubjeit is rather more nice and difficult, becaufe 
■of the inconceivable minutenefs of the agents, and 
the fubtilty and quicknefs of the motions % and the 
principles combined id producing the phenomena 
being niore various, it could not be expcfted that 
they ftiould be fo eafiiy fubjedted to an anafyfis. 
Hence it is, that what he has delivered in the firft 
(tho' ftill capable of improvement) is more complete 
C 3 anct 
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and finifhed in feveral refpefts -, while his dJfcoveries 
of the fecond fort are more aftoniQiing. 

After having eftablifhed the principle of the uni- 
verfal Gravitation of Matter in the firft treatife, 
when he is not able to demonftrate the caufes of the 
phEenomena defcribed in the fecond more evidently, 
Jie endeavours to judge of them, by analogy, from 
wliat he had found in the greater motions of the 
fyftem •, a way of reaioning that is agreeable to tlie 
harmony of things, and to the old maxim afcribed 
to Hermes *, and approved by the obfervation and 
judgment of the btit philofophers, " That what 
pailes in the heavens above is fimilar and analogous 
to yi'hat pafles on earth below." He had found 
that all bodies gravitated towards each other, by a 
power that ads on all their particles equally at equal 
diftances, and increafes according to a flaced law 
when the diftance is diminilhed. From a like prin-. 
ciple, aifting at lefs diilances with greater vigour, 
and with more variety, but infenfibly at larger dif- 
tances, he fufpeded that the more abllrufe pha:no ■ 
mena of nature proceeded. It was a great matter 
in philofophy to be fecure of one general principle \ 
^d one was fufficient for carrying on the regular 
motions of the heavenly bodies. A greater variety 
was neceflary for conducing the different operations 
qf nature in particular parts ; and thele being in- 
volved in fome obfcurity, till better light fhould 
appear, he could find no furer ground on which to 
found a judgment of them, than that principle he 
had already fliev/n to take place in natu/e. But bc- 

" A principle not nnllkc this is «lcribed to the PirSiui and 
S:haldtaa magi, irtiftTaSfl «Tf« Td £ra T9ii **t*. P/elf. Decla- 
ralio dogmat. Chaldaic- 1'ho' this, as other maxims, was much 
abi>fed in progrefs of time, when philofophers dcgeaeratcd from 
|l|pjr firll fimplicity, 

i Caijf^ ' 
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caufe we often find that phenomena, which, at firil 
fight, appear of a very different fort, flow neverlhe- 
lefs from tlie fame cauic, and feveral Tuch caulcs arc 
bften refolved, on farther enquiry, into one^ more ge- 
neral principle i the whole conftitution of nature 
(notwithftanding the variety of appearances) mani- 
feitly leading to one fupreme caufe-, this great phi- 
lofopher was hence induced, as well as from feveral 
obfervations he had made, to think that all thefe 
powers might proceed from one general inftrument 
or agent, as various branches from one great ftem, 
whofe efficacy might be refolved more immediately 
into the direction or influences of the fovereign caufe 
that rules the univerfc.. But hefpeaks of this in the 
manner that became a philofophcr who had fo much 
ftudied nature, and knew how obfcure thofe arduous 
parts of her fcheme muli: be to us. 

7. As the moft obvious views of the creation fug- 
gelt to all men the pcrfuafion of .the being and 
government of a Deity ; fo every difcovery in natu- 
ral philofophy enforces it : and with this improve- 
ment of his difcoveries, this great man concludes 
both thofe treatiies. Nor is his philofophy to be 
thought of Httle fcrvice for this purpofe, though he 
has not been able to explain fully the primary caulcs 
themfelves. 

The great myfterious Being, who made and go- 
verns the whole fyUem, has fet a part of the chain of 
caufcs in our view ; but we find that, as he himfclf 
is too high for our comprehenfion, fo his more imme- 
diate inftruments in the univerfe, are alfo involved in 
an obfcurity that philofophy is not able to didlpate j 
and thus our veneration for the fupreme Author is 
always increafed, in proportion as we advance in the 
knowledge of his works. As we arifc in philofophy 
C 4 . towarda 
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. towards the 6rft caufe, we obtain more extenfive views 
of the conflitution of. things, and fee his influences 
more plainly. We perceive that we are approaching. 
to him, from the fimplicity and generality of thd 
powers or laws we difcover i from the difficulty we 
find to account for them mechanically ; from tlie 
more and more complete beauty and contrivance, 
that appears to us in the fchemc of his works as we 
advance ; and from the hints we obtain of, greater 
things yet out of our reach : but ftill we find our- 
fclves at a diftance from Him, the great fource of all 
motion, power, and efficacy ■, who, after all our enqui- 
ries, continues removed from us and veiled in darknefs. 
He is not the objefl; of fenfe j his nature and eflencc 
are unfathomable j the more immediate inftruments 
of his power and energy are but obfcurely known to 
uS i the lead part of nature, when we endeavour td 
comprehend it, perplexes us ; even place and lime, of 
which our ideas feem to be (imple and clear, have 
enough in them to embarrafs thofe who allow nothing 
.to be beyond the reach of their faculties. Thefo 
things, however, do not hinder but we may learn to 
form great and juft conceptions of him from his fen- 
fible works, where an art and flcill is exprefled that 
is obvious to the mofl: fuperficial Ipeftator, furprizes 
the moft experienced enquirer, and many times fur- 
pades the comprehenfion of the profoundcfl: philofo4 
pher. From what wc are able to understand of na- 
ture, we may entertain the greater expeftations of 
what will be difcovered to us, if ever we Ihall be al- 
lowed to penetrate to the firlt caufe himfelf, and fte 
the whole fcheme of his works as they are really de- 
rived from him, when our imperfeft philofophy Ihalt 
be completed, 
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Qfthejyfiew ef the aneient pbilofopbers. 

' i.rirtHOSE who have not imbibed the preju- 
\ dices of philofophers, are eafily convinced 
jhat natural knowledge is to be founded on experi- 
ment and obfervation. But there is a philofophy 
that intoxicates the mind, while itprctends to elevate 
and I'acisfy it, which teaches to defpife the plain and 
fober way of truth. And it is no eafy matter to deal 
with thofe who have loft themfelves in the dark 
fchemes of an inviolable and univerfal neceffity, or 
with thofe who are ever dreaming themfelves poflcft 
of the eternal rcafons and primary cautcs of things. 
The leaft Qiew of an argument in their , own vi- 
lionary way takes infinitely more with them, than 
the cleareft evidence from faft or obfervation ; and 
fo fond they appear of fuch airy fchemes, that they 
would chufe rather to go on difputing for ever, than 
condefcend to acquiefcc in certainty obtained in a 
lower way. 

To an impartial enquirer, Sir Ifaac' Newton^ 
method, defcribcd in the laft chapter, approves itfelf ; 
and fome ingenious men have been lenlible of the 
neccflity of following it, in former times. But the 
general practice of philofophers has been very differ- 
ent 1 and fyftems founded or abftrafted fpcculations 
Itill fo much prevail, that it will be neceflary for our 
purpofe to (hew, by a few obfervations on tlje hiftory 
of learning, how vain and fruitlefs fuch attempts 
have always proved. 

Jheoiwi 
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Theories -of this kind have been invepted, and 
amended agun and again, with great labour and 
cxpence of thought ■, but ftill when they came to 
compare them with nature, how wide has been the 
difference ! — il>i tmttis effufus labor. If we look back 
into the ftate of philofophy in the different ages, we 
fliall learn from the hiftory of every period, that as 
far as philofophers confulted nature, and proceeded 
on observation, they made fome progrcfs in true 
knowledge t but as far as they pretended to carry 
on their fchemes without this, they only mukiplied 
difputes. 

The beginnings of learning, as of other things, 
are uncertain and obfcured wirh fables ; we colieCt, 
however, from leveral tcftimonies, that the oldeft 
and mofl celebrated philofophers of Phtsnida and 
Greece made a vacuum and atoms, and the gravity of 
atoms, the firft principles of their philofophy • ; 
whether thefe were fuggelled to them from their 
early obfcrvations of nature, before her plain ap- 
pearances were obfcured by the imaginary fchemes 
and the difputes of fpeculative men, or were derived 
from fome other origin. Afterwards various 
fyftems appeared, but fome traces of thofe antient 
■principles are for a long time to be difcovered- 
amongft the dodrines of fuccecding philofophers, 
though interwoven with their own particular tenets -, 

* According to Pefidnntus tbe Soick, as ciled by Strahv and 
Stxtui Empiricut, the dofliine of Atoms wa^ more ancient thaa 
the times of the Trojaa war, having been tanght by Mefihus a 
phcer.icjan, the fame probably meant by tamblUlisi, when he 
tells us that Pyibagorai converfed al Sii/tn nith the prophets, the 
fucceflbra of Mechm the phyfiologer. ,In thofe early timei the 
charaftera of lawgiver and philofopher were united, and this 
Mochas is fuppofed by many to have beea the fame with Meftt 
the legiflator of the y^wj. 

and 
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and what appears to be moft uniform in the variety- 
of their opinions feetns to be derived from this 
fource *. The more ancient atomifts leetn to have 
taught that there were living fubftantes alfo, which 
pre-cxifted before the union of the fyftems of thofe 
elementary corpufcles, and continued to exift after 
their diflblution. They faw the neceflity of admit- 
ing aftive as well as pafTive principles, life as well 
as mechanifm, throughout the world f. But this 
entire and genuine philofophy was difmembered af- 
terwards, and from an afteiftation of fimplicity, or 
for other irafons, one fort of permanent fubftance 
Sffas thought Efficient. One party retained the 
pafTive and fluggifh matter only, and from the for- 
tuitous concourfe of its corpufcles pretended to ex- 
plain the formation of the univerfe. Others, more 
refined, afcribed reality and permanency to aftive 
incorporeal fubllances chiefly, or only. And fo fimi- 
lar were iheir divilions and difputcs to thofe ofour 
own times, that a third fort feem to have rejefled • 
the reality of both, while they maintained that there 
was no liability of cflence or knowledge any where 
to be found ; that all being and knowledge was fan- 
taftical and relative only ; that man was the meafure 
of truth to himfelf in all things -, and that every opi- 
• nion or.fancy of every one was true J. While one 
. feft thought that nothing was permanent, but that 
9II things were in a continual flux or motion, and 

* They taught that nothing was made oat of nothing, that no 
fabftaoce is generated or deftroyed, that colour and cafte are not 
in theobjeda, i£c. which feem to be the genuine doftrines.of 
this atomical philofophy amongH the Greeks. See Ariftnt. de 
anima, Lih. Ill, Cap. I. who afcribes fuch opinions to moll of tlio 
phyfiologers before his time, 

t See Dr. Cm/iuur/i's intelleflaal fyftem of the nniverfc. 
Pook 1. Chap. ]. 

t This was the doflrine of Pralagtraf the Abdfrit-'- Plat. 
ThiCtetps, y<. 

Others, 
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others, that all things confifted of one immoveable 
and infinite clfence, it is no wonder that their fuc- 
celfors own themfclvcs at a lofs to underfland their 
meaning*. — Oppofition to each other feems to have 
driven them ,to extremes, and both aimed at too ge- 
peral and extenfive principles. 

As to the particular tenets of ThaUs, and his fuc^- 
ceflbrs of the Ionic fchool, the fum of what we learn 
from the imperfeft accouiits wc have of them is, that 
each Overthrew what his predecefibr had advanced i 
and met with the l^me treatment himfelf from his fuc^r 
ceflbr. One of.thdR''i*faid to have made water the 
principle of all things-^another chofe air ; a third fire; 
a fourth preferred e_»mi ■, and fomc took them all in, 
and made lh**fe .four the elements or principles of 
things. So early did the paflion for fyftems begin, 
and difputes in confcquence of fijch precipitancy 
wer^ unavoidable, 

2. In the time of this uncertainty amongft the phy- 
fioiogers (for fuch all the more anticnt philofophers 
were) Socrates appeared in the world. A fublimity 
of genius, a limplicity of manners, a particular ta- 
lent of inveftigating truth and cxpofing error, dif- 
tinguilhed this great man. In his youth he applied 
himfelf, as his predeceObrs had done, to natural 
knowledge, and endeavoured to reduce it to a met 
thod and principles. But after examining their fchemes 
■without receiving any fatisfaftion from them, he 
was too iincere a lover of truth, and too jufl: to man- 
kind, to attempt to invent one of his own, or to dif- 
femble his ignorance of nature. He faw that 
imaginary knowledge was the greateft obftruftion to 
true fcience, and made thofe who were puflFed up 
with it very troublefome to the lovers of lolid l^rn- 

1. ing, 
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ing. He therefore took every occafion to expofe it, 
and had a happy talent in ridiculing the vanity of 
the fophifts of thofe tifrcs, who pretended to know 
all things. The oracle on a certain occalion had 
declared him the wifcft of men ; and this preference 
he explained, with his ufual modefty, to be owing 
to this only, that while others vainly imagined they 
knew what they were indeed ignorant of, he knew 
this one thing more than, they, *^ [hat he knew 
nothing." . . 

After many other fruitlefs attenipts he had made 
in his youth * to fee into thecaiif^ <>f things, hap- 
pening to hear that Anmagoras taii^ht tlut all things 
were governed by a fupreme-n)ind,^nd b<kg mighti- 
ly pleafed with this principle, he ha ' 
writings ; full of expectation to fee t 
of hature explained from the perfe 
all-governing mind, and to have 
about the pcrfcftion of the univerf 
he was much difappointed, when 
Jjtaxagoras made no ufe of this fc 
his explications of nature, and rcfi 
the order and perfeftion . of the univerfe as its 
reafon ■, but introduced certain aereai, Ecthereal and, 
aqueous powers, and fuch incredible principles for 
the caufes of things. Upon the whole, Socrates 
found that this account of nature was no more fatif- 
faftory, than if one who undertook to account for 
all tlie actions of Socrates, ftiould begin with tell* 
ing that Socrates was afted by fe principle of thought 
and delign i and pretending to explain how he cam? 
to be litting in prifon at that time, when he was 
condemned to die by the unjufl; and ungrateful 
Athenians, he ftiould acquaint us that the body of 
Socrates confifted of bones and mufclcs, that the 
• tyi yJ.f uiv if. 

bones 
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bones were folid and had their articulttions, while 
the mufclcs were capable of being conrrafted and 
extended, by which he was enabled to more his 
body, and put himfelfin a fitting pofture v and after 
adding an explication of the nature of found, and 
of the organs of his voice, hefliould boaft at length 
th^ he had thus accounted for Socrales's fitting and 
cwiverfirlg with his friends in prifon ; without taking 
notice of the decree of the Athenians, and that he 
himfelf thought it was more juft and becoming to 
wait patiently for the execution of their fentence, 
than efcapc to Megara or Thebes, there to live in 
exile. " 'Tis true, fays he, that without bones and 
" nerves I Aould noc be able to pferform any aftion 
" in life,^but it would be an unaccountable way of 
*' fpeaking to affign thofe for the reafons of my ac- 
*** tions, while my mind is influenced by the appear- 
«r g^i^ (^what is befi." 

J\ have laken notice of this pafTagc the rathei% 
, Aecaufe itkhews how eflential the greatcft and beft 
phiJofepRErs have thought the confideration of final 
iraufes to be to true philofophy ; without which ic 
-wants the greateft beauty, perfcfticm, and ufe. It gave 
a particular pleafure to Sir Ifaac Newton to fee that 
his philofophy had contributed to promote an atten- 
tion to them (as I have heard him obferve) after 
Des Cartes and others had endeavoured to banifli 
them.. It is furprizing that this author ftjould repre- 
fen: it as greater prefumption in us * to aim at the 

• ?riire(>. Pa«r. §2S. Nnllas anqiumrationss circa res na^ 

tarales a fine, quem Deu9 auc nature in iis faciendis llbi proptw 
fuit. dcfumemus ; quia non uncum debemos oabis airogare ut 
ejus confilioram participcs nos effe putemus j ft4 ipfum ut cau- 
ftmeflicientemrerumomiiiainconfidcraiitea.videbiinusqnidiiara, 
ex iis eJDs atcribdcis qnorum Hos nonnullam cotitiam votaic 
babere, circa illos ejus effefluB, qui fenfibus noftri* apparent, 
lumen uaciirale quod nobic indidlt eouclac'.tnduin cfTe ofiendat. 

knowledge 
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knowledge of final caufes, than to attempt to derive 
a complete fyftem of the iiniverfe from the nature of 
the Deity, confidered as the fiipreme efficient caufe, . 
or, after difcarding mental and final caiifality, to re- . 
fidve all into mechanifm and metaphyfical or mate- 
rial neccflity. Surely this is the fort of caufes that is 
moft clearly placed in our view j and we cannot 1:0m- 
prehend why it ftould be thought arrogant in us, to 
attend to tbs defign and contrivance that is fo evi- 
dently difplayed in nature, and obvious to all men j 
to maintain, for inftance, that the eye was made for 
ferine, tho' we may not be able either to account me- 
chanically for the refra£Hon of light in the coats of 
the eye, or to explain how the image is propagated 
from the retina to the mind, 

Socrates, finding all dark and uncertain in the va- 
rious fvftcms of his predeceflbrs, was fatisfied that it 
was better to reft contented with the general view of 
nature open to all, than adopt any one of them ; 
and having applied himfelf to promote the praftice 
as well as the theory of moral philofophy amongft 
his fellow-citizens, by his example and precepts, he 
merited the higheft cfteem and admiration of man- 
kind *. Plaio, however, and his followers, being 
feniible of the infiuence which natural knowledge 

• See Attl. Gillias, Lib. 6. ch. lo. where >n extraordinary 
inltance of this is given from Taurui a Platonic philofopher. 
The Aihtnians, upon fome difference with the inhabitants of 
Mtgara, made it capital for any of them to enter Atb$nt. Euclid. 

of Megare, after this ediS, ufcd to difguife himfelf as a woman, 
asii travel twenty miles in the night to hear Socrates. Whence 
3'auTut takes occaiion to lament how much philofophy was funk 
in efleem in his time. Now, fays he. we fee philofophers run 
pf their own accord to attend at the gates of the young and rich, 
and there fit waicing to noon till tlieir difcipk-s have flept out 
their laft nij^hi's debauch. Diogenei Latrtiui, however, fpeaka 
of a ftranger who came to Jibcus and found fault with Socfaui 
in fome things. 

mult 
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muft have on the moft important truths, returned to 
it. The beauty of the univerie was the favourite 
■fubjeft of the Platonifts ; and they ufcd to recom- 
mend the contemplation and imitation of its r^jular 
and confliant motions, by the pradice c^ virtue, as 
the beft means- to recover their antient conformity 
with it in a prior ftatc, and to become worthy of re- 
turning to the fame ftate again. While a k& of the 
Atomifts refolved all things into the motions and 
modifications of matter, Plato ftroye to raife the 
thoughts of men above the objc6b of fenfe, and 
zealoudy maintained the pre-eminence of adlive in- 
corporeal and intelleflual beings. Thefe, according 
to him, are the true fubftances, the dther the flia- 
dows ■, which laft (jnly, thole grofs philolbphers 
could perceive ^ as Ke who has^his back towards the 
light fees it not, or the bodies placed betwixt him 
and it, but the images projeftcd from them only *. 
He fpeaks, howevct, fometimes of the infenfiblc 
particles of bodies, which can only be perceived by 
the mind and underftanding, afcribing different fi- 
gures to them in die ftyle of the atomical philofo- 
phy -|-. If he carried his fondnefs for his ideas too 
far, we muft own, at leaft, that he erred on the, moft 
innocent fide of the queftion, in oppofition to the 
dangerous doiSrines of D^wscrZ/HJ and others. But 
however laudable the views of this amiable philofo- 
pher may haVe been, furely the unintelligible mylti-' 
cal dodrines of fome of his followers J ought to ad- 
monilh us to be on our guard againft exccHes, even 
in a good caule. 



" Plate de republica, Lib. 7 & 10. 
+ Piat. Timius. 

J It were nnneceffary to cite here inflances of the moft pio^ 
■ found myfticifm from Phiinui, and other platonifts. 



D,gt,,-f.rihyGOOglC ' 



Cliap. 2. Philosophical Discoteries. 33 

3. In the mean lime the followers of Pytbagsras 
flourifhed in Italjt and taught a philofophy chat does 
not appear to have been lo much the refult of their 
own obiervations, as to have been tranfplanted from 
the eaft by their great maAer \ who fpent two and 
twenty years in thofe pans, and icrupled not to com- 
ply with the cuftoms • moft pccuhar to the caftern 
nations, in order 10 obtain the freer accefs to their 
learned men. And as he was a man of extraordi- 
nary qualities and at thfc moft paios, fo he feems to 
have been the n\oft fuccefsful of the aiicients in get- 
ting acquainted with their philofophy. We find 
that his followers taught the true account of the 
planetary motions, particularly that the earth moved 
daily on its own axis, and revolved annually round 
the fun } and gave the fame account of the comets 
■which is ^;recable to modern difcoveries -f. They 
alfo taught that every ftar was a world j;, and that 
cached them had fomcthing correfponding to our 
earth, air, and water, in che vaft expanfe. The 
moon parricularly, according to them, was inhabited 
by larger and more beautiful animals than this globe. 
We find fome hints concerning the gravitation of ce- 
leftial bodies, in what is related of the doctrines of 
Thales and his fucceflbrs : but Pytbagorai fccms to 
have been better acquainted with it, and is fuppofed 
to have had a view to it, in what he taught concern- 
ing the harmony of the fpheres §. 

* He wai circumcired in Egjft after th« manner of the prieftt 
«f that country, and is f^id to have been the moft graceCkri perfon 
of his time. Clen. AUxanir. Strom. Lib. I. , 

+ Arifiet. Mcteorol. Lib. L cap. 6. Plxtarcb. At pUcidl 
phildfoph. Lib. III. cap.i. 

i Ibid. cap. 13, & 30. 

^ Plin. Lib, II. cap. 12. Macroh. in faronium Scip. Lib. H. 
cap. 1. Zee ai{a Plutarth. de animaL procreatione, e TimKO. 

Atir, Sic to the end. 
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A mufical chord gives the fame notes as one dou- 
ble in length, when the tenlion or force nhh which 
the latter is flretchcd is quadruple : and the gravity 
of & planet is quadruple of the gravity of a planet 
at 3 double diftance. In general, that any mufical 
chord may become unifon to a lefTer chord of the 
fame kind, its tenfion muH be increafed in the fame 
proportion as the fquare of its length is greater; and 
that the gravity of a planet may become -equal to the 
gravity of another planet neirerxo the fun, it mulb 
be increafed in proportion as the fquare of its diC- 
tance from the fun is greater. If therefore we fhould 
fuppofe mufical chords extended from the fun to 
each planet, that all thefe chords might become uni- 
fon, it would be requifitc to increafe or diminifti their 
tenfionsin the fame proportions as would befufficient 
to render the gravities of the planets equal. And 
from the fimilitudc of thofe proportions, the cele- 
brated dodrine of the harmony of the fpheres is fup- 
pofed to have been derived. 

As thefe doftrines of the 'Pythagoreans^ concern-- 
ing the diurnal and annual motions of the earth, the 
revolutions of the comets, the inhabitants of the 
moon and ftars, and the harmony of the Ipheres, are 
very remote from the fuggeftions of fenfe, and op- 
potite to vulgar prejudices \ fo we cannot but fup- 
pofe that they who firft difcovered them muft have 
made a very confiderable progrefs in aftronomy and 
natural philofophy. ' It is no eafy matter to pcrfuade 
a pcrfon unacquainted with the true theory of mo- 
tion, that the earth, which of all things in nature 
appears to be mod fixed and liable, is carried on in 
fuch a manner, and with fo much rapidity, in the 
expanfe. To be fatisfied of thefe doftrincs, -fo as 
to reckon the earth amongft the ftars» and confidcr 
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the ftars as fo many worlds, one mull have got over 
many difficulties from fcnfc, as well as from the reli- 
gious prejudices that prevailed in thofe days. When 
therefore we find the accounts of them given by the 
Greeks to be very imperfeft, mixed with errors and 
mifreprcfentations, it feems reafonable to fuppofd 
tfiat they had feme hints of them only from fomc 
more knowing nations who had made greater advan- 
ces in philofophy ; and that they were able to de- 
fcribe them perhaps not much better than we may 
imagine an ingenious Indian, after pafling fomc years 
in Eitrdpe, and having had fome accels to learned 
men, would repi^fent our fyftems to his countrymen 
after his return. Hence it was that the Pythagoreans 
do not fecm to have been in a condition to defend 
their dodrines, tho' trui; ; and Arijtotle refutes them 
•with the appearance of reafon on his fide. What: 
he fays of their fyftem (hews that either it was not 
defcribed rightly by thefn, or that he mifunderftood 
tliem. We afe told that they taught that there was 
an earth oppofite to our earth, and feveral other 
bodies revolving about the fun which were concealed 
from us by the earth, and that from this, they ex- 
plained why there were more ecllpfes of the moon 
than of the fun *, On this occafion he urges againft 
them a complaint, for which philofophers have too 
often given ground,' " That inftead of fuiting their 
•* philofophy to nature, they had mifreprefented thtf 
*' phaenomena, that they might appear conformable" " 
■' to their own fuppoiitions." But had he been 

• De ccelo, lib. 11. cap. 15. We may be the lefs furprized 
' that the Grati had To imperfeft a.ccoQnts of the eaftern learning, 
if it be tme chat fome of the moH noted amongA their philofo' 
phen, travelled into £gypt from u veij dilferent view than ac- 
quiring their philofophy. Flau'i chief view i) fiddto hava been 
to fell^hi) oil. 

Da better 
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better acquainted with the phsenomena and this fyf- 
tem, he had formed a betterjudgmentof it. 

At this time geometry was in high efteem. We 
have reafon to think that the fondntfs of the Pytba- 

foreans and Platonijls for it fometimes milled them, 
y inducing them to derive the myfterics ot nature 
from fuch analogies of figures and numbers as are 
not only unintelligible to us, but in fome cafes feem 
not capable of any juft explication. The ufc they 
made of the five regular folids in philofophy is a re- 
markable inftance of this, and muft have been a very 
important part of their fchemc, if we may depend 
upon the aritient commentators on 'Euclid ; who tell 
us that he was a platonic philofopher, and compofed 
his excellent elements for the fake of this do«rinc. 
But as it is a matter of pure fpeculation, we cannot 
conceive that there can be any analogy between it 
and the conftitution of nature ; and they have not 
been fuccefsful who have of late endeavoured to ex- 
plain this analogy ; as we (hall have occafion to (hew 
afterwards, when we come to give fome account of 
Kepkr's difcoverics. Nor is this the only inftance, 
where a purfuit of analogies and harmonics has led 
us into error, in philofophy. Geometry can be of 
'little ufc in it till daia are coUefted to buiid on, and 
Lord Verulum has juftly obferved, Mathefin philofo' 
phiam naturakm lerminare debere., non gmerare out 
procreare. 

4. From Arijlotk's philo(bphy we may learn, that 
the greaieft penetration, without other helps, will 
ever be of left fervicc in enquiries into nature, than 
in metaphy(ics and diale&ics ; where the force of 
genius may indeed atchieve wonders, Inftead oi the 
more antient lyftems, he introduced matter, form, 
and privation as the principles of all things : but it 

docs 
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does not appear that this doftrinc was of great ufe to 
him in natural philofoph^. He furpancd alt the 
other philofephcrs, in ftating the divifions and defi- 
nitions relating to his fubjefts, with peculiar accu. 
racy ; yet fonie of his dodrincs arc fo obfcurely ex- 
prcfled, according to the confcfiion of his moft de- 
voted difciples, that tho* they took the utmofl: pains 
to difcover his meaning (and fome of them, a^ is 
reported, in a Very extraordinary manner) they were 
not able to penetrate into it ; and it is djfputed to 
this day what were his fentiments on fome of the moft 
important liibjcAs. 

He was enabled by the liberality of his pupil 
Alexander to make vail colleftions relating to the 
hiftory of nature, at an immcnfe expcncc, which 
have been often copied by natural hiftorians fince". 
But in his general and theoretical writings concern- 
ing nature, tho' his reafonings may appear acute and 
fubtle, the conclufions are commonly fuch as are 
overthrown by later difcoveries. How he dcfcribed 
the Pytbatere^n doftrine concerning the two-fold 
motion of the earth, and endeavoured to refute it, 
we obferved above : in one of the treatifes that are 
afcribed to him f , the author pretends to demonftrate 
that the matter of the heavens is ungenerated, in- 
corruptible, and fubjeft to no alteration 1 and ftip- 
pofes the ftars to be carried round the earth in folid 
otht. In thde doftrines he was generally followed, 
till Tyeho by his obfervations, and Gahlea by his 
arguments, expofed their fallacy. Some have com- 
plained, that there is lefs mention of a Deity, in his 

* According to fUiij, AriftttU wrote fifty volamei concera- 
ing Hiimatii and fevcral thogfaiul perfbni in Grtitt, «nd AJiat 
by AUxaMJtr't orden, afllfted him m his CDqniries. The ex- 
pcDce ii faid to have amounted to eighty t^cuts.. 

t Da ccelo, 
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extenfivc and various works, than in moll of the 
anticnt philofophers ; that niiPI KOSMOT, (or, as 
fpme fay it ought'to be entitled, HEPI HANI 02) 
excepted i which for this reafon has been afcribed 
JO another aythor. But there arc many who-judge 
this admirable piece to he .j^rifiolk's ; and Gajfendus 
is of opinion that he compofed it towards the end 
of his life, as the refult of his moft fcrious 
thoughts *; 

It may be obferved in favour of this great philo- 
fophcr, that perhaps he did not intend his difcoveries 
ihould be well underftood from his public writings j 
for we are told, that when his pupil * complained of 
jiis publilhing fome of his trcatifcs, he infinuated, by 
his anfwcr, that they would be underftood by philo- 
fophers only. Had we a more perfcifi: account of his 
(lo&rines concerning forms and qualities, poflibly 
they might appear in a better light : perhaps he meant 
pnly to aflert, in oppoHtion to that branch of the 
gtomifts who followed Democntus, that the pheno- 
mena of nature could not be accounted for from 
platter and motion only ; but that the qualities of 
f}odies arife from hidden powers ading variously on- 
different combinations of the particles of matter, ac- 
cording to the laws eftablilhed. The condufl: of 
■ Collijihenes^ whom he recommended to jikxander to 
accompany hjm jn his Afsatic conquefts, does great 
honour to Jrijioile : A profecution however, carried 
pn by the Athenian priefts, obliged hjm to ^bafidoi^ 
(lieir city, to ^void the fate of Secratet. 

Ar^oiU was for a long time cgjled the Prince of 
{philofophers ; and poOefled th« moft abft^ute aucho- 
fity in the fchoolsj not it) Ewopt only, but even m 

; Pe ptyfirfegia E^Um, 
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Africa, amongft MahoaietaDS as well as Chri&ians. 
They had tranQadoas of his works in Perfia and ac 
Samarcand; and no philofophcr ever acquired lb uni- 
verfal or fo high an efteem. His opituon was allowed 
to iland on a level with rcafon itfclf ; nor was there 
any appeal from it admitted, the parties, in every 
difpute, being obliged to Ihew that their conclufions 
were 00 lels conformable to JriftetUi*s dodrine than 
to truth. This, however, did not put an end to dif- 
putes, but rather lerved to multiply them -, for nei- 
ther was it eafier to afcertain his meaning than to 
come at the truth, nor was his do&rine conftftrnC 
with ilfelf. It is not improper to haye this flavifli 
fubjc&ion of philofophers in remembrance ; becaufe 
an high efteem for great men is apt to make us de- 
voted to their opinions even in doubtful matters, and 
Ibmetimes in fuch as arc foreign to phitofophy. 

5. We have already mentioned the Epicurean fyf- 
tem, and fhall have occafion frequently to make re- 
marks upon it afterwatda. Whoever confiders the 
extravagant doctrines of this fedt:, and of the other 
Dogmatifts, of whatever denomination. Peripate- 
tics or Stoics, may admire fome of them for their 
morality, and more for their eloquence, it having 
been their chief bufinefs to ditpute for their Ichemes 
and declaim upon them ; but cannot be greatly fur- 
prized that, as to what relates to natural knowledge, 
fo many joined the fceptics ; • and either maintained 
that it was ioopoflible to difcover truth, with fome of 
^em t or wkn others, that men were orAy in purfuit, 
jMt in pofldnon of it. The fe&s, and fubdivifions 
of fe£ks, at lengtli became fo numaous, and their 
fyftcms ia various, that almoft every perf<»i of any 
note addided himfelf tn fome degree to philolbphy : 
fiir nose owld be at a I0& to find a feft and do&rina 
fiiit«d.to bis tafte and indinauon. But it does noe 
" D 4 . appear 
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appear that this great increafe of philofophers coni 
tribtited much to the advancement of the fcience> or 
did fervice to truth : fuch was their licentioufnefs, 
and fo great the variety of their opinions, that there 
has hardly appeared any doArioe, in later times, but 
may be fupported by the authority of one or other of 
them. It has been juftly obferved that we may learn 
Ibmething from the faults and miftakes of others, in 
every art ; but we do nor find that the errors of one 
ie£t in philofophy ferved to put others on their 
guard. The great mafters we have mehtioned had 
given an unhappy example ; and their fuccellbrs 
exceeded them in grafting one fidion upon another, 
to ferve their purpofcs. Thus the Platonifts became 
unintelligible myftics, and the Peripatetics unwearied 
difputants ; while every fe& had its tale or fchcme, 
magnified by the patty, but condemned by all the 
reft. 

"When the antients, however, applied ihemfelVes 
to confider the heavens, or to colled the hiilory of 
nature, they did not lofe their labour ; their obfcr- 
vations, fooiecimes, fuggefted to them imperfect > 
views of the true caufes which obtain in the uni- 
verfe : and we have realbn to admire fome hints of 
this kind that appear in fcveral paflTages of their 
writings, and feem' to be anticipations of fome of the 
moft valuable modern difcoveries. But, generally 
fpeaking, they indulged themfclves too much in 
abftrulc fruitlefs difquifiiions conctrning the hidden 
eflcnces of things, and fought after a knowledge 
that was not fuited to the grounds they had to build 
on. As to their accounts of the fyftem of the 
world, the Pythagorean dodtrines were quite foi^ot, 
and the opinions ai Arifiotle and Eudoxus univer^ly. 
prevailed. In procefs of time gieat libenirs were 
taken with nature, folid orbs and epicycles wero 
, multiplied^ 
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muldplied, to anfwer every appearance, till the uni- 
verfc in their defcriptions loft its native beauty, and 
feenned reduced to a chaos again by their unhappy 
labours. 

It is not worth while, nor of ufc for our purpofc, 
to trace the hiftory of learning thro* its various re- 
volutions in the later ages, when phtlofophy and 
philofophers fell into contempt -, when they became 
more diftinguilhed by th^r extravagant opinions, 
manners and temper *, than by any real knowledge 
and merit. How different they were, ib early as rn 
the times of the CefarSy ftxim the famous Pytbego- 
rtoK lawgivers, the incomparable Socrates, and others 
who adorned the firft ages of philofophy, we may 
iearn from the piAure given of them by Tatitus. 
*' Nert-, fays this author, ufed to beftow fome time 
*' after meals in hearing the reafonings of different 
** philofophers, and while each maintained his own 
^* feft, and every one expreily contradifted another^ 
** they a}l conipired to expole their endlefs variat^M 
^* and broils, as well as to difplay their peculiar 
** and favourite opinions 1 nay, there were fomc of 
»* thofe foiemn meters of wifdom, highly fond of 
*• being feen with their gloomy afpeit and rigid ac- 
** cent, amidft the royal exeefles and recreations of 
^ Nero\. 

* Sapicntiam upillii et h&bitu jaOant, (vfi laOaUiut Tpeakt 
ing of them. See alfo the complaint of Tovrw ttie t^Uofapl)er, 
fited from Jul. GelUus above in the notes tm ^ 2. of ihis diapr 
ter, 

t Tacit, jtnnal. lib 14. We have faid nothing of the Cbh 
^/e, for tho' no nation has applied to aftronomy for fo long a 
^me, «r with fo much encouragement from thepublic, they feem 
to have made little progrefs, by the accounts we have of them : 
this may be afcribed, in part at leaft, to their oegleA of geometry 
(without whicli it is impoSkbla to make great advances in altro- 
aOBj') and their having no correfpondeucc with other nations. 

Sut 
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But the ftate of learning proved ftill more deplo* 
rable in a later period ; Uiac ought to be remem" 
bered, becaufc it difcovers to us the moft cruel ene- 
my to true philofophy, *Twas fomctime after the 
fall of the Roman empire, when the majelly and 
policy of that people had given way to Golbic bar- 
barity, that fuperftttion reigned uncontroulcd, liberty 
of enquiry was profcribed, and a favage zeal fought 
to root out the memory of antient learning, by de-* 
ftroying the records of it, the incftimable produft of 
the labours of pad: tinies. The fatal fchcme proved 
but too fuccefsful, for foon a thick cloud feems to 
have darkenoj the underflandings of men, and to 
have almoft e)£tinguiihed their natural faculties} 
in fo much that a part of the fucceeding times ob- 
tained the appellation of the leaden ages, as worle 
than the iron age of the poets. Authority for a long 
time ufurped the place of realbn, and, under the 
abufed pretence of making them more fubmiflire to 
heaven, mankind were enllaved and d^raded. 
Here and there fome appeared worthy (tf .better 
times } but thefe were obliged to coiuorm to the 
genius of that barbarous age : if they applied to 
true philofophy, it was either in a private and myfte- 
rious manner, or their abilities and merit ferved only 
10 provoke fevere and cruel treatment from their 
bigotted cotemporaries. This was the fate of the 
famous Roger Bacon, who appears to have made fur- 
prizing advances in natural knowledge, for thofe 
times, and feems to have been acquainted with fome 
inventions that are moft commonly fuppofed to btt 
of a later date. 

Learning, neglected and defpifed in Europe, found 
a fan£tuary amongft the Saracens, to whom wc arq 
indebted for fevera^ invenuons, as well u for tho 
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prefervation of fome of the works of the antients. , 
They had fo great a value for thefe, that it was ufual 
with them to demand copies pf them, by particular 
articles, in their treaties with the Greek emperors ; 
tho' they had deftroyed an ineftimable treafure of 
this kind, at Alexandriay ia their firft conquefts. 
The caliph Almaimon is celebrated for encouraging 
i^onomical learning, creating a great ninnber of 
obfcrvatories over his dominions, and providing 
(hem with inftruments of a prodigious fize. By his 
order, a degree of the circle of the earth, was, firft, 
meafured with exadtnefs, as far as we know. But, 
^t length, their philofophers feem to have devoted 
themfclves abfolutely to Arijiotle, in no lefs flavifh a 
manner than the Europeans j and to a talkative phi- 
Jofophy that ferved only to produce endlefs difputes. 

The cloud was, at length, gradually difpell'd in 
Europe: the adtive genius of man could not be cn- 
flaved for ever. The love of knowledge revived, 
the remains of witicnt learning, that had efcaped 
(he wreck of the dark ages, were diligently fought 
• after ; the liberal arts and fcienccs were reftored, and 
none of- them has gained more by this happy reVQ- 
]utton than natural philofophy. 



CHAP. III. 

0/ thi modertt pHlofopbers h^ore Des Cartes.* 

l.rir^HE revolutions of learning were com- 
\ pared, by Anfietle, to the riling and fetting 
9f the ftaiB ; and Plitrf fpeak's of folir periods of it 
that preceded his time, the Egyptian, j^rian, Chal- 
4e0H, and Gxeviaa. Learning, after- it was once loft 
^ ;l)ofe CQuntri^s, has p^ver revived a^ia j and, 
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of the produce of three of thofc periods, there is 
little or nothing left. The wcftern parts of Europe 
have been more happy. After a long interval, 
learning has returned to them ; and the period which 
commenced upon the revolution we have mentioned, 
has already continued feme hundred years. It was 
ulhered in by feveral inventions of the greatcft ufe. 
If we may judge from thefe. from the valuable dif. 
coveries that have been made in its prc^refe, and 
from thofe which learned men are ftill in purfuit of, 
(which afford matter for their enquiries, and at the 
fame time keep up their curiofity and expeftation) 
wc may juftly hope that it will be long ere it comes 
to an end : and if it Ihould likewife have its termi- 
nation, it cannot, however, but be ever memorable 
in the hiftory of learning, in future times ; unlefc a 
general oblivion overwhelm all memory and re- 
cord. 

The invention of convex and concave glaOcs was 
ss old as the thirteenth century, tho' no one thought 
of putting two of them together to make a telefcope, 
till three hundred years later. Upon which it has 
beep juftly obferved, that thofe things which we 
handle daily may have valuable properties altogether 
unknown to us, which chance, or future tryals, may 
difcover. The polarity of the magnetic needle, 
which was made ufe of in navigation early in the 
fourteenth century (if not foonerj facilitated the cor- 
refpoedence between ditiinft nations, and conducted 
Celumhus to the difcovcry of the new world. It is 
obvious how advantageous to learning the art of 
printing has proved, which wc owe to dKe fame cen- 
tury. Thefe, with feveral other new and furprizing 
inventions, produced a great change in the affairs of 
the world -, and a fpirit of reformation Ibon ftiewed 
5 irfcl^ 
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. ttfelf, in every thing that had any connexion with 
the arts and fciences. 

2. Peurhaehius, with his fcholar Reghmonttmus 
and others, revived agronomical learning, in the 
- fcurtecnth century. The celebrated Copers/Vitf (who 
was bom at Them in Prugia in 1473) fucceeded 
them, •* a man, fays Kepler *, of a vaft genius, and 
•' what is of great moment in thefe matters, of a 
•* free mind." When he confidered the form, dif- 
pofition arid motions of the fyftcm, as they were 
then rcprefented after Ptolewyy be found the whole 
void of order, fymmetry and proportion ; like a 
piece (as he exprefles himfelf) made up of parts 
copied irom different originals, which not fitting 
each other, ihould rather reprefent a monfter than 
a man. He therefore perufcd the writings of the 
antient philofophers, to fee whether any more ra- 
tional account had ever been propofed of the mo- 
tions of the heavens. The firft hint he had was 
from Cicero-, who tells us, in his academical quejiions 
(book 4.) that Nicetas a Syracuftan had taught that 
the earth turned round on its axis, which made the 
whole heavens to appear to a fpeftator on the earth 
to turn round it daily. Afterwards, from Plularch-ft 
he found that Pbilolaus the Pythagorean had taught 
that the earth moved annually round the fun. He 
immediately perceived that, by allowing thefe two 
motions, all the perplexity, diforder and confufion, 
he had complained of in the celeftlal motions, 
vanifhed, and that, inftead of thefe, a fimple regu- 
lar difpolition of the orbits, and a harmony of the 
morions appeared, worthy of the great author of 
the world. 

• fteiaiio ii. Paulam Ifl. pontif. mar. 

t De placim phiioTopliorain, lib. 3. cap. ij- 
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''f'*as fo6n after the year 1500 he began to form 
this judgment of the fyllem, in his own thoughts : 
but being fenfible how ill -it would be received by the 
generality of men, and even of the learned of that 
tirrte, he could not be induced to publifli his account 
ef the celeftial motionSj for more than thirty years. 
He had a great inclination, as he tells ms, to have 
followed the manner of the Pythagoreans, who would 
not publilh their myfteries to the world, but chof© ' 
rather to deliver ihcm froin hand taiiand to pofte- 
rity 1 hot that they envied others the knowledge of 
them, but that the beautiful difcoveries . of greac 
men, the fruit of all their labours, might not be< 
come the fport of the prefuraptuous and ignorant, 
it was not without the greatell foUicitations, and 
much llruggllng on his part, that at length he gave 
his papers to his friends, with pcrmiffioa to publilh 
theni i and he lived only 10 fete a copy of his book 
in 1543, a few hours before his death. 

In this treatife,'hereftores the antient Pythagorean. 
. fyflem, and deduces the appearances of the celeftial 
motions from it. Every age fmce has produced new 
arguments for it} and, notwithftanding the oppoHj 
tion it met with, from the prejudices of fenfe againfll 
the earth's motion, the authority of Ariftstk in the 
fchools, the threats of ignorant bigots, and the ter- 
ror of the inquifition, it has gradually prevailed* 
The chief argument that had induced Arifiotle, and 
his followers, to confider the earth as the centre of 
the univerfe, was that all bodies have a tendency 
towards the centre of the earth. In anfwer to this, 
(Copernicus * obferved, that it was reafonable to thinli 

there 

* Equidem exiltimo gravitatem non aliod elTe ifimin ap|ieteti-> 
tiam quandam naturalcni] paicibus indtcaiii 9 divina provideniia 

opifid* 
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there wu nothing peculiar to the earth in this prin* 
ciple of gravity j that the parts of the fun, moon, 
and ftars, tended likcwife to each other, and that 
their fpherical figure was preferred in their various 
motions by this power. Thus every ftcp in true 
knowledge gives a glimpfe or faint view of what 
lies next beyond it, iho' yet unrcvealed, in the fcale 
of nature. 

3. The reftoration of the Pythagorean fyftem was 
a ftep of the utmoft importance in true philofophy^ 
and paved the way for greater difcoveries ; but the 
minds of men were not fufficiently prepared for it, 
at that time. A juft account of the theory of mo- 
tion was wanting to make thefn fcnlible of its fim* 
plicity and beauty, and to enable them to refolvc, in 
a fatisfaflory manner, the obvious ailments thai 
appeared againit it. According co Copernicus, the 
earth revolved on. its axb, with a rapid motion, 
from weft to eaft. It was objefted, that fuch a mo- 
tion could not but have fenfible efiefts on many oc- 
. caGons ; that a ftone, for inftance, drop'd from the 
fummit of a tower, ought to ftrike the ground, not 
at the foot of the tower, but at a diftance wcftward, 
according to this doftriiie ; the tower being carried, 
by the diurnal .motion, towards the eaft, while the 
ftone was falling. In anlwer to this, the motion of 
the earth was compared to the uniform progreffive 
motion of a ftiip atXca ; and it was aSirmed, thai 
a ftone drop'd from the top of the maft would ftrike 
tlie deck at the foot of it, tho' the ftiip was under 

opificia oniTerioram, at in snitatem iategritatcRKjne [aam fePt 
coofenuit, in formam globi coeuntes. Quant aifeflionem ere- 
dibileed etiam foli, iuo^e, cxterifq; errancium falgoribai.ineire, 
nt ejui elHcacia in ea qns fe rcprefentant rotundiiate pcrmaoeanti 
qax nihilominua muliis modis fttos cAiciiint circuiius. NinL 
Cepirniei revol. lib. 1. cap. 9. 
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fail, and advanced at a ^reat rate while the ftone 
was falling. This experiment is now beyotid all 
queftion : but rome, who tried it without due care 
and attention, having reported to Tycho Brabe that 
it had not fucceeded *, this, .with a miftaken zeal 
for the lacred writings, and perhaps an ambition of 
being the inventor of a new fyftem, induced him to 
rqe6t the dodrine of Copernicus^ and propofe a mid- 
dle fcheme. Tycho was too well acquainted with the 
planetary motions to fuppofe their centre any. where 
elfe than in the fun % but that the earth might be 
quiefcent, .he fuppofed the fun, with all the planets, 
to be carried annually around it, while ihefe, by their 
proper motions, revolved about the fun in their feve- 
ral periods. Having rejefted the diurnal rotation of 
the earth on its axis, h? was obirgcd to retain the 
moft (hocking part of the Ptekmaick fyftem, and to 
fuppofe that the whole univcrfe, to its fartheft vifible 
limits, was carried, by the primutn mobile, about the 
axis of the earth every day. In this, however, he 
was abandoned by fome of his followers, who chote 
rather to fave this immenfe labour to all the fpheres, 
by afcribing the diurnal motion to the earth, with 
Copernicus ; and therefore were called Semi-Tycbontcs. 

Tho' this noble Dane was not happy in eftablilh- 
ing a new fyftem, he did great fervice, however, to 
aftronomy, by his diligence and exaftnefs in making 
obfcrvations, for a long feries of years. He difco- 
vered the refradion of the air, and determined the 
places of a great number of the fixed ftars, with an 
accuracy unlcnown to the aftronomers of former 
times. He demonftrated that the comets were 
higher than the moon, from their having a very 
fmall parallax, againft the opinion which chen pre- 

* CaftnJ. in viu ^yebanii. 
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vailed. He difcovered what h called the varlatioH 
in the motion of the moon ; and, from his feries of 
obfervations on the other planets, the theories of 
their motions were afterwards correfted and improved- 
For thefe fervices he wiU be always celebrated by 
allronomers. 

4. Towards the latter end of the fixteenth cert- 
tury, and about the beginning of the next, Galileo 
and Kepler diftingiiifhed themlelves in the defence 
of the Copemican fyftem, and by many new dlfco- 
veries in the fyftem of the world. The excellent 
Galileo was no lefs happy in his philofophical enqui- 
ries, than in the celebrated difcovcrics which he 
made in the heavens, by the telefcope. To the ad- 
mirable Kepler we owe the difcovery of the true 
figure of the orbits, and the proportions of the mo- 
tions of the folar fyflem : but -the philofophical 
improvement of thefc phaenomena was refervcd for 
Sir Ifaac Newlon. 

Kepler had a particular pa0ion for, finding ana- 
logies and harmonies in nature, after the manner of 
the Pythagoreans and Pkconifts ; and to this dif- 
pofirion we owe fnch valuable difcovcrics as are more 
than fufficient to excufe his conceits. Three things, 
he tells us, he anxioufly fought to find the realbn 
of, from his early youth -, why the planets were fix 
in number, why the dimcnfions of their orbits were 
fuch as Copernicus had dcfcribed from obfervations, . 
and what was the analogy or law of their revolutions. 
He fought for the reafons of the firft two of thefe 
in the properties of numbers and plane figurer, 
without fuccefs. But at length refletting that while 
the plane regular figures may be infinite in number, 
the ordinate. and regular folids are five only, as 
Euclid had long ago demonilrated \ he imagined 
£ tbu 
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that certain myfteries in nature might correfpon(.l 
with this remarkable limitation inherent in the eflen- 
ces of things % the rather that he found the Pytha- 
goreans had made great ufe of thoie five regular 
iplids in their, phjlofophy. He therefore endeavour- 
ed to Hnd fome relation between the dimenftons of 
thofe Iblids and the intervals of the planetary fphercs ; 
and imagining that a cube inlcribed in the fpherc of 
- Saturn would touch by its fix planes the fphere of 
Jupiter, and that the other four regular folids in 
like manner fitted the intervals that are betwixt the 
fphcres of the other planets, he became perfuaded 
that this was the true reafon why the primary pla- 
nets were precifely fix in number, and that the 
Author of the world had determined their diflrances 
from the furf, the center of the fyftem, from a re- 
gard to this analogy. Being thus pofiefied, as he 
tnought, of the grand fecrct of the Pylhagorians, 
and being mightily pleafcd with his difcovcry, he 
. publifhed it in 1596, under the title of Atyfterium 
CofmografbUum. 

Kepler fent a copy of this book to ^ych'o Brahe, 
who did not approve of thofe abftrafted fpeculatiohs 
concerning the fyftem of the world, bur wrote to 
Kepler, firll to lay a folid foundation in obfervations, 
and then, by afcending from them, to ftrive to 
come at the caufes of things. This excellent advice, 
to which we owe the more IbHd difcoveries of Kepler, 
deferves to be copied from his own account of it *. 
*^ Argumentum literarum Brachei (fays he) hoc 
*' erar, uti fufpenfis fpeculationibus a priori de- 
'^ fcendentibus, animum potiu.s ad obfcrwitiones, 
'< quas fimul offercbat, contiderandas adjicercm. 
f Inque iis primo gradu fafto, poft demum, ad 

* Notx in cdiiionem fecaQdam Myftcrii Cofoio^aphici. 

** caufas' 

■ n,aN,-.^h,GoOgle 



__ Chap. 3. PMILOSOPIHCAL Discoveries. 51 

•* caufas afccndercm." In this judgmtnl the great- 
men of diflferent times have frequentlji cohlpircd, 
but few have faithfully &iUowed it. 

Tyebo however, pleaficd with his genius, preraHed 
■with Kepler to ' refidc with him near Prague (where 
he paJ&d the laft years of his life, ^tcr having; left 
his native country on fome ill u&ge) and to aflifthim 
in hi&- aftrxwotnical kboors. Soon after this Tycbo 
died, but Kepler made imnv important difcoveries 
^om his obfervations : he round that aftronomers 
had erred, from thefirftrifeof the fcience, in afcrib> 
ing always circular orbits and uniform motions to- 
the planets ; that each of them moves in an ellipEis 
which has one of its foci in the center of the fun ; 
that the motion of each is really uneqnable ; andi 
varies fo, that a ray fiippoled to be always drawv 
from the planet to the fun defcribes equal areas in 
eqi»l'cim«& 

It was fome years later before: he difcov^red thtf 
analogy there is between the diftanccs of the feveral 
planets from the fun, and the periods in which thcy^ 
complete their revohjtions."> He' eafily faw that thtf 
higher planets not only moved in greater circles, but 
alfo more flowly than the nearer ones 1 fo that, on a 
. double account^ their periodic times were greater i 
SatUTTk, for example, revolves at a diftance from the 
jfon nine times and a half greater than the earth's' 
diltance from- it j and the circle defcribcd by Saturn 
i& in the fame proportion -, and as the earth revolves 
in one year, fo, if their velocities were equal, 5a- 
Aff"» ought to revolve in nine years and a h^f; 
■whereas the periodic limeof^friars is above twenty- 
nine years. The periodic times of the planets in- 
creafc, therefore, in a greater proportion than their 
diftances from the fun ; but nqt in fo great a pro* 
E 2 'portion _ 
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portion as the fquares of thofe diftances ; for if that 
was the lawdf their motions (thr fquare of g'^ be- 
ing 90^) the periodic time of Saturn ought to be 
above 90 years. A mean proportion betwixt that 
df the ditlanccs of the planets, and that of the 
fquarcsof thofe diflrances, is the true proportion of 
the periodic times j as the mean betwixt 94- and its 
fqiiarc 904. gives the periodic time of Saturn in years. 
Kepler^ after having committed feveral miftakcs in 
determining this analogy, hit upon it at lad in 
I161S, May 15th, for be is fo exa^ as to mention 
the precife day when he found, that " The fquares 
" -of the periodic times were always in the fame 
" proportion as the cubes of their mean diftances 
'* from the fun." This is only a very brief and 
fummary account of the fruits of his great labours 
for many years on tlje obfervations made by fyho *. 

"When Kepler faw that his difpofuion of the five 
regular folids amongft the planetary fpheres was not 
agreeable to the intervala between their orbits, ac- 
cording to better obfervations, he endeavoured to 
difcover other fchcmes of harmony. For this pur- 
pofe, he compared the mictions of the fame planet 
at its greatett and lead diftanccs, and of the ditftf- 
rent planCts in their feveral orbits, as they would 
appear viewed from the fun ; and here he fancied 
ihat he found a fimilitude to the diVifions of the 
oftave in mufic. Thefe were the dreams of this 
ingenious man, of which he was fo fond, that, 
hearing of the dtfcovcry of four new planets (the 
iateilites of y«;>/«rj by Galileo, he owns that his 
§rft refiedions were from a concern how he could. 
(avt his favourite fcheme, which was threatned 

• See hii TabuU Rudolphin*, and Commeni. dc flelli 
Muti»<' 
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by this addition to the number 6f thi* pla-' 
nets *. The fame attachment led him into a wrong' 
judgment of the fphere of the fixed ftarsf : for 
being obliged, by his dodrine, to allow a vaft fupe- 
riority to the ibn in the univerfe, he rcftrains the fixed 
ftars within very narrow limits. Nor did he con- 
fider them as I'uns, placed in the centers of their 
feveral fyftems, having planets revolving round 
them; as the other followers of Copernicus, from" 
their having light in themfelves, their immenlc dif- 
tances, and from the analogy of nature, have con- 
cluded them to be. Not contented w^th thefe 
harmonies, which he had learned from the obferva- 
tions of lyche^ he gave himfelf the liberty to ima- 
gine feveral other analogies, that have no foundation 
in nature, and arc overthrown by the beft obferva- 
tions. Thus from the opinions of Jffp/w, tho' moft 
juftly admired, we are taught the danger of efpouf- 
ing principles, or hypothefes, . borrowed from ab- 
Itrai^ed fciences, and of applying them, with fuch 
liberty, to natural enquiries.' 

A more recent inftance of this fondnefs, for dif- 
cpvering analogies between matters of abftrafted - 
fpeculation and the conftitution of nature, we find 
in Huygens, one of the greateft geometricians and 
allronomers any age has produced : when he had 
difcovered that fatellitcof Saturn, which, from him,- 
is ftill called the Huygentan fatcllite, this, with our 
moon, and the four fatellites of Jupittr, completed 
the number of fix fecondary planets then difcovered 
in the fyftem: and, becauie the number of the pri- 
mary planets is alfo fix, and this number is called 
by mathematicians a perfect number, (being equal to 

• Diflert. com DQncio fidereo. 

+ Epuome Aftronomix, lib. 4, part. i. 
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the fura ot iu aliquot parts, i, a» tnd 3, *) Httjgenr 
was hence induced to bdicvc thac the number of the 
planets was complete, and that ic was in vain to bok 
for any more f. Wc do not mention this to leflcn 
this great man, who nerer perhaps reiToQed in fucfa 
a ^lanne^ on anjr other oomfion t but only to {hew, 
by pother inftance, how ill-grounded reafoniogs of 
this kind have always proved : for, not long after, 
^e celebrated Ct^^ difcovered four more utellitcs 
ai»ut Satum i fo that die number of lecondary pla- 
nets now known in the fyltem is ten. The fame 
Qeffini having found that the analogy, difcovered by 
Kepler, between the periodic times and the diftan- 
C£s from the center, takes place in the leiTer fyftems 
c^ Jupiter and Saturn^ as well a« in the great folar 
fyftem ; his obfcrvatiofls overturned that groundlefs 
analqgy which had been imagined between the nuni- 
ber of the planets,, both primary and • fecondary, 
and the number Oxi but eftabliflud, at the fame 
time, that harmony in their motions, which will, 
afterwards, appear to flow from one real principle ex- 
tended over the uniyerfe. 

5. But to return to Ktpler, his gfeat figacity, 
and continual meditation on the planetary motions, 
fuggefted xo him fome views of the true principles 
from which thefe motions flow. In his preface tp 
the commentaries concerning the planet JV^iri, he 
' fpeaks of gravity as of a power that was mutual 
jbetwixt bodies, and tells us that the earth and moon 
tend towards each other, %nd would meet in a ptunt 
fo many timef nearer to the earth than to the moon^ 
Hi the earth is greater than the moon, if their mg- 
Wons did not hinder it. He adds, that the tides 



• Elem EueUd. lib. 7, defio. ult. 

-t Sec the dcdicaiiifn of his Syflema Saturniam. 



arilc 



Chap. S' PHtLosorarcAL DiscoVzries. 55 

arifc from the gravity of the waters towards the 
moon. But not hiving juft enough notions of th6 
laws of motion, he does not feem to have beeii 
able xo make the beft ufe of. thefe thoughts ■, nor 
docs he aj^ar to have adhered to them fteadily,* 
^ fincc in his epitome of aftronomy, publiflied eleven 
' years after, he prt^ofes a phyfical account of the 
planetary motions, derived from different prin- 
ciples. 

He fuppofes, in that treatife, that the motion of 
, the fun on his axis is preferved by fome inherent 
vital principle ;. that a certain virtue, or immaterial 
image of the fun, is diffufed with his rays into the 
ambient fpaces, and, revolving with the body of 
the fun on his axis, takes held of the planets and 
carries them along with it in the fame direction ; as 
a load-ftone turned round in the neighbourhood of 
A magnetic needle makes it turn- round at the fame 
time. The planet, according to him, by its inertiA 
endeavours to continue in its place, and the aftion 
of the fun's image and this inertia arc in a perpetual 
Ilruggle. He adds, that this a61;ion of the fun, 
like to his light, decreafcs as the diftance increafes ; 
and therefore moves the fame planet with greater 
celerity when nearer the fun, than at a greater dif- 
tance. To account for the planet's approaching 
towards the fun as it defcends from the apbeUum to 
the perihetium, and receding from the fun while it 
afcends to the apheliutn again, he fuppoles that the 
fun attracts one part of each planet, and repells the 
oppolite parti and that the part which is attracted 
is turned towards the fun in the defcent, and that 
the other part is towards the fun in the afcent. By 
fuppofitions of this kind, he endeavoured to account 
for all the other varieties of the celeftial motions. 

E 4 Now 
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Now the laws of motion arc better known than 
in Kepler's time, it is eafy to (hew the fallacy of every 
part of this account of the planetaiy revolutions. 
The planet. dofS not endeavour to ftop in its place 
in confequence cf its inertia^ but to perfcvcre in its 
. inotion in a right line. An attraftive force makes 
it defcend from the apbelium to the perihelium in a 
curve concave towards the fun : but. the repelling 
force, which he fuppofrd to begin at the feribelium^ 
would caufe it to afcend in a figure convex towards 
the fun. We fhall have occafion to Ihew afterwards, 
from Sir Ifanc Nfuuton^ how an aitraAion or gravi- 
tation towards the fun, alone, produces the effects, 
which, according to Kepler, required both an attrac- 
tive and repelliTig force ; and th'at the virtue which ' , 
he afcribed to the fun's image, propagated into the - 
planetary regions, is .unneceffary, as it could be of 
no ufe for this e&eft tho' it were admitted. For 
riow his own prophecy, with which he concludes his 
book*, is verified ; where he tells us that " the 
*',difcovcFy of fuch things was referved for the fup- 
*' ceeding age, when the Author of nature would 
*' bepkafcd to reveal thofe myfteries." 

6. In the m^an time, Galilee made furprizing 
difcoverics in the heavens by the telefcope, an in- 
ftrument invented in that time ; and, by applying 
geometry to the doftrine of motion, began txj efta- 
blifli natural philofophy onafure foundation. He 
made the evidence of the Cepernican fyftem more 
fcnfible, when he fhewed from the phafes of Vemts^ 
like to the monthly phafes of the moon, that ^enus 
actually revolves about the fun. He proved the 

* Hxc et cxtera hujufniodi latent in pandeflis xvi feqaentis, 
non atitea difcenda qmkm librum hnnc Deus arbiter feculoruni 
recluferit {noriaiibiis, Epit. A&toa. 
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revolution of the fun on his axis, from his fpots j 
and thence the diurnal rotation of the earth became 
more credible. The four fatellites that attend 7s//- 
• ter in his rcvoiuiion about the fun, reprefented, in 
yupi/er's IcfTcr fyftcm, a juft ima^ of the great 
folar fyftcm ; and rendered it more ealy to conceive 
Iiow the moon might attend the earth, as a fatellite, 
"in -her annual revolution.' By difcovering hills and 
cavities in the moon, and fpots in the fun conftantljr. 
varying, he (hewed that there was not fo' great 3 
difference between the celeftial and fublunary' bodies 
as the philofophers had vainly imagined *. 

He did no lefs fervice by treating, in a clear and 
geometrical manner, the dodrine of motion, which 
has been juftly called the key of nature. The ra- 
tional part of mechanics had been fo much negleftcd, 
that there was hardly any improvement made in it, 
from the time of the incomparable Arcbimedei to 
that of Galileo; but this laft named author has given 
us fully the theory of equable motions, and of fuch 
as are uniformly accelerated or retarded, an4 of ihefc 
two compounded together. He, firft, -dcmonftrat- 
ed, that the fpaces defcribed by heavy bodies from 
the beginning of their defcent arc as the fquares of 
the times, and that a body, projefted in any direc- 
tion that is not perpendicular to the horizon, de- 
fcribes a parabola. Thefe were the btrginningsof 
the dodrine of the motion of heavy bodies, which 

* Galilto obrerved fomething very extraordinary a^at Sa^ 
tarn, which he imagined to be, two Satellites ainioft in coniad 
with hi) bod/ ; and Dis Caries fancied thefe two Satellite: were 
quiefcent in hit vortex, becaufe (a; he fuppofed) Samrn di4 
not tnra round on his axis ; but Hi^grni ffiewed that this apr 
pea'rance proceeded froiq a ting that encoinpafles his body, 
without touching it, and ^compaoies Uip in hia revolution 
titow the fan- 
has 
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has bccA (ince cairied to fo great k height by Sir 
Jfaac Newton. 

He alfo difcovered the gravity of the air, and 
endeavoured to compare it with that of water ; 
»nd Qpencd up fevcral other enquiries in natural 
philofophy. He was not cftecm'd and followed by 
philofophcrs only, but was honoured by pcrfons of 
the greateft diftinftion of all nations. Des Carles^ 
indeed *, after commending him for applying geo- 
metry to phyfics, complains that he had not exa- 
mined things in order, but had cnqgired into the 
rcafons of particular ciFefts only ; adding that, by 
his pafling over the primary caufes of nature, he had 
built without a foundation. He did not, 'tis true) 
take fo high a (light as Des Cartes, or attempt fo uni- 
' verfal a fyftem ; but this complaint, I doubt, muft 
turn out to Galileo's prftifc j while the cenfure of Des 
Cartes Ihews that he had the wcaknefs to be vain of 
the yfor& part of his writings. 

But 4II the merit of this excellent philofopher and 
elegant writer could not prefcrve him from perfecu- 
tion in his old age. Some pretended philofopherSj 
who had imprudently objefted againft his new difcO- 
vcries in the heavens, when they found themfclvcs 
worfted and expofed to ridicule, turned their hatred 
and refentmenc againtl his perfon. He was obliged, 
by the rancour of the Jefuits (as 'tis faid f) and the 
weakncfs of his protcftor, to go to Romty and there 
folemnly renounce the doitrine of the motion of the 

• EpiHoI. part 1. epift. gi. 

f Vir in omni mfltbemiiom pane rammns Galileus Galilti, 
Jefuiiarum in ipfam ocfio, ac prindpis Thurd fub quo vixii fo- 
f;uriii meiD'i coa^its ire Romam, ideo quod terrain nioviitet> non 
yeunte v«ftro Hcrtenjio, dure habitus, ut majus viiaret milum, 
quail ab ecdefia edoftas, fua fdta refcidit. Hug. Gralias i& 
cpiltoU ad VaJJimtt, Lutet. 17, maiii 163J. 
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earth, which he had argtied for with (o much inge' 
nuity and evidence *. After this cruel uiage he wa* 
filent for fome timet but not idle ; for vc h^ve valu~ 
able pieces of his of a later date. 

7. Sir Frsncis Baton Lord; Feruldm -f, who wis 
cotemporary with Galileo and Kepler, is juftly held 
amongft the reftoren cf true learning, but more 
efpecially the founder of aepermnttl. pbHoftpby. 
"When he was but fixtecn years <dd, he began to dif- 
like the Tulgar phyfics and what was called ^iftotU'i 
philofophy. He faw there was a neceffity for a 
thorough reformation in the way of treating natural 
knowledge, and that all theory was to be laid alide 
that was not founded on experiment. He propt^ed 
his plan iri his inftauratio magtui, with to much 
ftrength of ailment, and Jb juft a zealf as oeaden 
that admirable work the delight of all wbp have a 
tafte for folid learning. 

He confiders natural philofophy as a Taft j)yra. 
mid, that ought to have the hiftory of nature for its 
bafis; an account of the powers and principles that 
operatt in nature, which he calls the jAyftcat part, 
for its fccond ftage; and the metaphyfical partj [hat 
treats of the formal and final caufes pf things, for 
its third ibge. But as for the fummit of this pyra- 
tnid» the fupreme of nature, ofus quod aperatur Deui 
a princifh ufque ad finem, as he cxpreflea it, ha 
doubts if men can ever attain to the full knowledge 
of it. The philofophers who ftrive to ercft thcfe By 
the force of abllrai5t fpeculation he compares to the 

* He wai befidet condemned to a year't Smprironmenc In th« 
Snquifidon, and the pcDince of repeating daily fome pcniteatiat 
pfiJiiu. 
' t He WM born in 156O) GaliJn in 1564. 
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giants of old, who, according to the poets, endea- 
voured to throw mount OJfd upon PtUen, and Olym- 
pus upon OJfa. 

An artift, fays this noble author, would expofc 
htmfelf to the juftcft ridicule, who, in order to raiic 
fome vaft obelilk, ftiould attempt it by the force of 
his arms, inllcad of employing the proper machines ; 
or if, after Bnding himfelf unequal to the talk, he 
fiiould call for the aid of more workmen in the fame 
way. Would he appear lefs ridiculous if he fliould" 
next fet about chufing his men, and examining them 
carefully, that he might employ the vigorous and 
robull only ? or if, after he found this was to no pur- 
pore, he fliould then apply himfetf to lludy the 
athkctc art, and learn to compote curious ointments 
for ftrengthening their limbs, or confult learned phy- 
licians, who, by proper medicaments, fhould pro- 
mote their health and vigour ? Nor are they lefs ab- 
furd, in our noble author's judgment, who labour 
to interpret nature by the force and fublletyof genius 
only, tho' they fliould alTumc the aid of the acutett 
men in the fame work, and carry the dialefticks, or 
the art of reafoning, to the greatelt height for this 
purpofe. 

The empiric*! philofophers, thofe who have no 
higher view than to collect the hiftory of nature, he 
compares to the ants, who gather the grain and lay 
it up as they find it {unlefs it be true, as is reported 
of them, that they firit take carfe it (hould not ger- 
minate or become fruitful j) the Sophijls to the fpi- 
ders, who form their webs from their own bowels, to 
catch unwary infcfts in their aerial flights j while the 
bee that gathers the matter -from the flowers of the 
field, from which with admirable flcill flic makes hep ' 
hpney, is the emblem of the true philofopher j who 
neither 



D,gn,-.rihyGOOglC 



Chap^g. Philosophical Discoveries. 6t 

neither trufts wholly to his own underllanding, nor 
contents himfeif with recording the matter with 
which he is fumiflied from natural hiftory or mecha- 
nical experiments ; but, by reafoning ikilfuUy from 
them, brings forth truth and fciencc, the great and 
nobJe produdion of the human faculties. From the 
neglect of experiments it arofe, that while nature 
was infinite, natural knowledge was at a ftand for 
many ages, and that the various fe^s w:3ndered in 
the dark, without kindling any light to guide them, 
or finding any path to conduct them in her mazes. 
But, from a happy conjuniftion of the experimental 
and rational faculties. Lord Verulam conceived the 
higheft cxpeftations. Alexander^ he tells us, and 
Cafar performed exploits that are truly greater than 
thofe reported of king Arthur or Jmadis de Gaul; 
tho' they a£ted by natural means, without the aid 
of magic or prodigy. 

It was with great juflice, and very feafonably, he 
reprehended thofe * who, " upon a weak conceit of 
" fobriety, or ill-applied moderation, thought or 
" maintained that a man can fearch too far, or be 
•• too well ftudied in the book of God's word, or in 
*' the book of God's works. But rather, he adds, 
•' let men awake thcmfclves, and chearfuUy endea- 
*' vour and purfue an endlefs progrefs and profi- 
*' cicncy in both j only let them beware left they 
*' apply knowledge to pride, not to charity, to 
*' oftcntation, not to ufc " He obfcrvcs, that a 
fuperlicial tafte of philofophy may perchance incline 
the mind to atheiiin ; but a full draught thereof 
brings it back again to religion : in the entrance of 
philofophy, when the fecond caufcs moft obvious to 
the ftnfes offer thcmfclves to the mind, we are apt 

* Saean't AdvaaceDient of Learning, lib. t. 

to 
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to cleave unto them, and dwell too much upon them, 
fii as to foi^t what >3 fuperior in nature. Bbit when 
we pafs further, and behold the dependency, conti- 
nuation and confederacy of caufes, and the works- 
.of providence, then, according to the all^ory c^ 
the poetJ, we eafiVy believe that the higheft link of 
nature's chain nwift needs be tied to the foot of Ju- 
fiter^s chair j or perceive *' That philofopijy, like 
** Jacob*\ vifion, difcovers to us a ladder, whofe 
** top reaches up to the footftool of tht throne of 
" Gorf."' 

Tfte/^i^<rt;//(»rphtlofophy speared unfatisi^^ory 
CO L«rd' Bacon^ not trom wont of efteem for its au- . 
thor, whom he always ofed to extol ; but becaufe ic 
ftemed fit ivr difputes only, and incapable of pro- 
ducing real fruit. Jriftotle^ he faid, had fuitcd his 
phyfics to his logic, inftead of giving fuch a kind of 
logic as might be of real ufe in. phyfics. To fupply 
thisdcfed:, hecompofed \as novum ergamtm ; where 
his chief defign is to fhew how to make a good ith- 
AtSion, 33 ■Arifioth\ was to teach how go maks ar 
good fyUogifm. Had the philofophcrs, fince Lxird' 
ytrulam'% rime, adhered more clofely to his plan, 
tJieir fuccefs had been greater j and Sir Ifaac Nmf~ 
ten's phiiofophy had' not found the learned lb full of 
prejudices againft it^ in favour of fome lyftems late- 
ly invented and. mightily extolled by I^eculative 
Rien } that while all admired the fublime geometry 
which ftione throughout his work, few for fomc 
time appeared to be difpofed to hearken to his phi- 
. lofophy, or in a condition va judge of it im- 
partially. 

8. However, Lord Bacon^ exhortations and ex> 
ample had a good effect ; and experimental philo- 
fopny has been. much more cultivated ^oe his time ' 

than 
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th^n in any preceding period. Geometry and philo- 
fijphy advanced together at a great pace, and gave 
mutyal aid to each other. The evidence of geome- 
try began to take place in phtlofophy, while all things 
were examined by number, weight, and mcafure j 
and the principles of the theory of motion, bein? 
now clearly underTkood, furnilhed excellent itluftra- 
tions of tlie abftrufe parts of geometry^ Gqlilea 
had fcholars worthy of fo great a matter, by whom 
the gravitation of the atmofphere was eftablifhed 
fully, and its varying prcffure accurately and conve- 
niently meafured, by the column ofquickfilver of 
equal weight fuftained by it in the barometrical tube. 
The elafticity of the air,, by which it perpetually en- 
deavours to expand ttfelf, and, while it admits ef 
condenfation, refids in proportion to its denfity, was: 
a phasnomcnon of a new kind (the common fluids 
■having lio iiich property) and of the ytmoft import- 
ance to philofophy. Thefe principles opaied up a 
vaft field of new and ufcful knowledge, and ex- 
plained a great variety of phenomena, which had 
been accounted for in an abfurd manner before that 
time. It feem'd as if the air, the fluid in which 
- men lived from the beginning, had been then firit 
difcovered. Philofophers were every where bufy en- 
quiring into its various properties and their eSedts i 
and valuable difcoverics rewarded their induftry. 
Of the great number who dittinguifhcd themfelves 
on this occafion, we cannot but mention Torricelli 
in Itafyy Pafchal in Francs^ Otto Guerick in Germany, 
and Boyle in England. 

The views of philofophers began now to be 
mighrily enlarged, not by their difcovcries concern- 
ing the air only, but likewife by their enquiries into 
the more potent element fire and its effeds, and into 
the chymical compofition, refoluiion, and changes 
5 of 
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Qf bodies. For about thit time chymifts began to 
fpeak more intelligibly concerning their art, and to 
conned it in fomc degree with natural philofbphy, 
or to confider it, it Icafl, as not quite foreign to it. 
This we owe in great rrcafure to the honourable Mr. 
Biyie, whofe favourite ftudy chymiftry is faid to have 
been, and who was happy in an eafy and familiar 
manner of dcfcribing the fubjeds which were treated 
by him. 

It muft be owned that none ever took fo great 
pains to promote natural knowledge, in all its 
branches, or the beft improvement that can be made 
of it, than this excellent pcrfon. It has been ob- 
fcTved that he was bom the fame year that Lord 
Bacon died, as if he had been deitin'd to carry on 

' his plan. He fpared no labour nor coft tn colle^ing 
the hiftory of nature, and making curious and ufe- 
ful experiments of all forts. As Lord Saceti'a plan 
comprehended the whole compafs of nature, fo the 
variety of enquiries profecuted by Mr. B<>yle, with 
great care and attemioni is very furprizing, and per- 
naps not to be parallel'd. Hydroftatics, tho' a moft 
ufeful branch of mechanical philofophy, had been 
but ill underftood, till he eftablifhed its principles, 
.and illultrated its paradoxes, by a number of plain 

. experiments, in a falisfaftory manner. ThedotSlrine 
of the air afforded him an ample field -, and, in all 
.his refcarches, he fliewed a genius happily turned 
for experimental philoibphy, with a perfect candour, - 
and a regular condefcenfion in examining with pa- 
tience, and refuting, without oftentarion, the errors 
which philofuphers had been led into from their pre- 
judices, and the many artful fubterfuges by which 
they ftrovc to fupport them. The unexceptionable 
integrity, cxtcnfive charity, and fingular piety of 
this excellent pcrfon did great honour to philofophy, 

,and 
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and formed an emineitc pare of his cl}4ra3er, The 
world he confidered as the temple of God, aijd 
• *' man (to ^ife his own words) as jx)rn the iwicft of 
" nature, ordained, (by being qualified) (o celebratt« 
** divine fervic;e, not only w it bijt for it," Not 
fatislied with having promoted the belief of a Deity 
and the evidence of true religion, to the utmoft of his 
power, in the great number of volumes compofed 
by him, on every occafion during the courfe of a 
laborious life, he has taken ewe, by his wiU, to per- 
petuate a fuccefiion of advocates for i[, who fitoul^ 
make the fame improvement not t£ his dif^overics 
only, or of thofe of former times, bu^ of what < 
OiOuld be produced by future ages. In this defign« 
worthy of him, the Tuccefs has been anfwerable to 
his intentions ; and furely fuch a iirian, wc Q^uft al- 
Iqw, was not an ornament to his own age and coun- 
try only, but a publick benefit to all times and 
nations. 

We are' now arrived . at the happy ^ra of* experi- 
nj^ntal philofophy ; when men, having got into the 
ngbt path, profecuted ufeful knowledge \ when their 
views of nature did honour to them, and the arts 
feceived daily improvements ; when not private men 
only, but fociettes jof men, with united zeal, inge< ' 
nuity and induftry, profecuted their enquiries into 
the fecretsof nature, devoted -to' no feft.or fyftem. 
.But we are obliged to abandon, at prefent, the agree- 
able talk of following them in their difcoveries, in 
this flourifliing period of fcience, to give account of 
a moll illufive fcheme of fpeculative philofophy that 
prevailed amongft many at this very time, and, by 
mifleadiijg ingenious men, corrupted their notioni 
and retarded their progrefs. It Teems that, however 

' f srVs Urcfilns fs of KaturalPhiloropIix. part 1. ciT^y 3. 
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fertile this period was in new inventions, natufe did 
not unvtil herfeif readily enough to fatisfy the im- 
patience of fome men, whd could not be contented 
with thofc views of her which time and induflry 
produced to them. Therefore they hearkened agairf 
ta the vfun promifes of thofe who petended to un- 
nvel all her rtiyfieries at once, by the force of theji- 
;U>ftra£ited fpeculations. The Cartefian fyftem Was 
tlie moft'extenfive, and (according to many) tbt: - 
moft exquifite in its contrivance, of any that have 
been imagined. The Author of it was a bold philo- 
fepher, and doubtlels of a fubde genius, to indulge 
Which he retired from the world for many years. H£ 
valued himfelf on his clfcar ideas^ uid is allowed to 
have contributed to diffipate the darknels of that fort- 
of fcience which prevailed in the fchools. If we 
may believe fome accounts, he reiefied a void front 
, a- complaifance to the tafte which then prevailedi 
againU his own firft fenrimentSi andamongfthts 
familiar friends, ufed to call his fyftem his pnUpfo- 

Ehicat romance. It had however great fucceh ; and 
is doctrines ftill prevail fo much, that it is neceflary 
fiir ourpurpofe to give a ihort account eS them. 



CHAP. IV. 

0/ tht pbiUfifbieat priacipUs ef Des Cartes, tU 

tmendations of bis foUmotrs, and th prefent eontro- 
ver/ies in natural pbilofopby. 

DE S Cartel begins his prindpia by ihewing die 
neceSiiy of doubting firft of every thing, in 
order to our obtaining certain knowledge ^ and re- 
commends to his readers- to confidcr his reafona for 
doubting of all tlungs, not cmce only, but to em- 
ploy weeks, or eVen months, on thcfe alone, before 

he 
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he proceed farther. He firft eftablilhcs the certainty 
<jf our own cxiftence, and that of our ideas of which 
V?c are intimately confcious to ourfclves ; of the 
exiftencc of which, however, after all he has faid, it 
_ftems impbflible for us to doubt for a moment.. 
From our having the idea of a Being infinitely per- 
fc6t and necc0arUy exiting, he concludes that fuch. 
a Being afhially is ; upon whofe will he makes the 
certainty of felf-cvident propofitions, or axioiiK *, 
oS well as of all other neceil^ry truths, to depend. 

From the knowledge of the caufe eftablilhcd in 
this manner, he prttends to deduce a complete. 
knowledge of his effc£ts, by ncceflary ftcps. It is 
clear, fays hef , that we Oiall follow the bcft method 
in philofc^hy, if ftxjm our knowledge of the Deity 
himfelf, we endeavour to deduce an explication of 
all his works ; that fo we may acquire the moft per- 
feifb kind of fcience, which is that of effects fronn 
their caufes. As for final caufts he rcjefted them 
- from philbfophy, as we obferved above ; and from 
thefepafTages, which reprefent the genius of thi^ au- 
thor's philofophy, and from the manner in which he 
fets out, we may already form fome judgment how 
hopeful his project was. 

From the veracity of the Deity, he infers the 
reality of material objects, which are reprefented to 
us as exifting without us. He places the eflence of 
niatter in cxtcnlion ; for this ^ne remains, he fays, 

* Accdrdios to him, the Deity did not will that the threv 

. nelet of ■ tnangle fhonld be equal to two right otiet, becaufe 

he new that it could not be Otherwile ; batt tecaofe he would 

diat the thtee anelei of a. triangle Ihoald neceflarily be e^nal to 

two right ones, tnerefore this it true and can be no otberwife. 

f Sec the paj&ges cited above from hii Principia, in the ootea 
npoB f 4, cb. I. 

P i ■when 



nyn,-f.rihyGOO^IC 



£S Sir Isaac NEwtoii's Book 1. 

v/hen we nfjcA hardnefs, colour, weighty heat and 
cold, aod the other qualities which, we know, a 
body ca;n be without. Hence he eafily concludes 
that there can be no void, orextcnfion witJiout mat- . 
rer. He adds, however, immediately afterwards, 
as properties of matter, that its parts are fepara&le 
and moveable ; tho' thefe feem to imply more than 
mere extenfion. 

He define? motiorf to be tfie tfanfl'ation of a boJy 
from the neighbourhood of other bodies that arc in 
contad with it, and are confidered as quicTcent, to 
die neighbourhood of other bodies ; and thus mattes 
no diftinftibn between abfolute or real, and relative 
or apparent motions ; both of which equally agrtc 
to this definition. The rcaibn Re gives why the 
fame quantity of motion muft Be preferved for ever 
in the univerfc, whhout any augmentation or dimU 
nation in the whole, mufli appear concife, and vcfy 
cxtraordliiary. It is no other than that GoJ muu 
be fuppofed to aft in the moft conftant and im- 
mutable manner. From the fame property of the- 
Deity, he infers that a body muft continue in its 
ftatc as to reft, motion, ffgurt, &c. till fome exter- 
nal influence produce a ciiangC', which is his filit 
law of nature ; that the direftion of motion is na- 
turally reftilinear, or that a body never changes its 
dircftionof itlelf i which is his fecond ^aW^ and that 
a body in motion, when it meets with another 
moving with a greater force, is reflefted without 
tbfing any part of its flrft motion ; but when ic meets^ 
with a body moving with iefs force, it then carciea 
this body along, and lol'cs as much motion as ia 
transferred to it ; and this is his third law of nature; 
He accounts for the hardnefs of bodies from their 
parts being quiefcent with rcfped'to each other j and 
for fluidity, fVam their being moved* pcrpetuaily in 
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aii directions. He concludes the fecond part of hia 
book with telling us, that thefc principles are fuffi- 
cient for explaining all the phenomena of nature, 
and, that no other ought to be admitted or even 
wUhedftM-. 

He afterwards proceeds to fhew how the unircrie 
mig^t have aflumcd its prcfent form, and. may be 
for ever prefcnrcd, by mechanical principles. He 
fuppofes the particles of matter to have been angu- 
lar, fo as to replenifh fpace withouc leaving any m- 
terftices between them ; and to have been in perpc- 
tuid agitations, by which the angular parts being 
broke oflF, the particles themfclvcs became round, ' 
and fffl-med what he calls the matter of the fecond 
demetit. The angular parts, being ground into die 
moft fubtile particles of all, became the matter of 
his firft element, and ferved to fill all the pores of 
the other. Biit there being more of this firft elc- 
ffl«it than was neceffkry for that purpofe, it became 
accumulated in ihe centers of the vertices, of which 
he imagined the univcrfe to confift, and formed there 
the bodies of the fun and ftars. The heavens were 
filled with the matter of the fecond element, the 
medium of light. But the planets and comets con- 
flfted of a third element groficr than the other two, 
the generation of which he traces at length throUBti 
all its fteps. According to him, the matter of the 
firft element muft have conftantly flowed out through ■ 
the interittces between the fpherical particles of tne 
iecoad element, where the circular motion is great- 
eft, and miift have returned continually at the poles 
of chid' motion towards the centre of the vortex j 
where being apt to cohere together, they at length 
produced the grol^r particles of the third; and 
when thefe catne to adhere- in a confiderable quan- 
tity, they gave rife to the fpots on the furfaces of 
F 3 the 
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the Atijs pr ftars. Sopie being crgfted over with 
fuch Ipots became planers or comets ; and tbe iofce 
of their rQpstion becoming languid, their vortices 
Were abfofbed by fortie ipore potent neighbqunng 
vortex, -In this manner the folar fyftem W4S formed, 
the vortices of the fecondary planets having been ab- 
forbed by the vortex of thcprjmary, and all of them 
by that of the fqn. He contends that the parts <^ 
{he folar vortex increafe ifi deniity, l^ut decre^fe ia 
celerity, to a certain diHance \ beyond >vh)ch he 
fuppofes $11 the papticles to be equal in m^qitude^ 
but to increafe. in celerity as they are farther trom the 
' fun. In thofe upper regions of the vortex he places 
the copiets i in the lower parts he ranges the planets) 
fiippofing thofe that are more rare to be ncair^r the 
fun, that they may correfpond to the denfity of the 
vortex where ihcy are carried round. "^ 

He accounts for the gravity of terrcftrial bodies 
from the ceotrifugal force of the xther revolving 
roui)d the earth ; which, he imagined, muft imipcU 
bodies downwards that have not fo great a cxntri- 
fijgal force, much in the lame manner as a 6uid im- 
pells 4 body upwards that is tmmerged in it, and 
has a lels fpccincal gravUy than it. He j)retended 
to obtain the phznomena of the magnet, and to 
account Jbr erery thing in nature, from the lame 
principles. 

?. There never was, perhj^s, a more extrava- 
gant undertaking than fuch ^ attempt, to deduce, 
by ncceflary confequcnccs, the whole fabric of na- 
ture, andafiuli explication of herphsenomena, from 
any ideas we are able to form of an infinitely pcrfeft 
Being. Was it not for. the high reputatioa of the 
author, »nd of his fyftem, it would be hardly ex- 
cijla^ to mayJK any remarli;^ upon fuch a rhapfody. 
Should 
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Should we aliow the fHiqciplcs he buUds on, and hU 
inethod, it ^1uft be obvious with how weUc an evi- 
^nce the coalec^ueDces are conneSed with each 
ptber, in thjs vifionary chain. How juft a method 
Jte ha^ takea to eftablilh the exiflence and attributes 
ef the Deity we fiiall not enquire, nor how far hU 
fnaking all truth and fallhoQd dependent on the v'lU 
cf the Deity tends to weaken m fcience and con- 
found its principles. While he fuppofes extenfion 
to conftitute the complete eflence of matter, he ne,- 
git^ folidity, and the inertia by which it refifts any 
5change in its ilace of ftiotion or reft % which diftin- 
gui(h body from fpace. If extenfion be underftood 
40 be theelTence of matter, it is a trifling propoTitioa 
to affirm that all fpace is full of matter, according to 
. fhis deBnition. But ftiU the queftion will remain, 
-^hether all fpace is full of that folid, moveable an4 
jielifting fubftance commonly called iody. And as 
many parts of fpace appear to make no fenfiblqr re- 
fiftance to motion, while others rclift varioufly in 
proportion to the denfity of the, medium diflfiifed 
over them, wc thence learn there is fpace void o£ 
ivhat is commonly called matter' The cotcets which. 
noye with equal freedom in all directions with very 
tapid motigns, and carry along with them tails of a 
IKodigious Ifzc, confining of fomc highly ratified 
i^ati^er, Qisw that the heayens are not xepleniJhed 
with denJfe fluids that admit no void. For it is evi- 
dent in eicperimenul plult^ophy diat the refiAaoce 
(^ fiuids inereafcsi ceteris paries, with their den- 
fity i To that aU mouon would foon langMfli in a 
fluid, which, having no pores, muft vfx furpafi 
qutckfilveE, or the heavieft] folids, in deiUu;|r. 
Noijiing is more evident, than that the force retjut- 
fite to move two equal bodies with a given velocity, 
is double that which would produce the fame cdff- 
rity in eith»r of chctn. When wc compound greater 
F 4 bodici. 
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bo(Jiie& from Icfter, or vhen we rdUve them into 

thcii* parts, we find that the rcfiftance or inertia in- 
•crcafes 6r dccreafes in proportion to the tjuantity of 
tnaitcr. Therefore when the velocity is given, if a 
body m6ving in "a denfer fluid difplaC^s niore matter 
to make way for itfeif, the refiftance which it meets 
-with being equal to the motion communicated to the 
partS'of the fluid, it-muft find A fefiHan^e propor- 
tionally greater. ■ ■ . ■ ■ . ■ 

It is not only from the free motions of the planet! 
and comets' that we learn the abfilrdity of the doc- 
trine of anuniverfal plenitude. The moft comrtKHj 
and plain phznomena of the motion of bodies^ at 
or near the furface of the earth, are fufficicnt to 
Overthrow it ; for we find that they meet with ho 
fenfible refiftance but from the air : whereas fo denfc 
a fluid as would reptenifh all fpacc equaljy would ne- 
ce^arily produce a very great refiftance. ' 

Itisolgeded *, that by fuppbfing this denfc fluiti 
which replenilhes' fpace to penetrate the pores Of bo- 
.dies With the utmoft freedom, fas- light paiKs through 
l;ranfparent bodies, and the magnetic and eleftric 
^uvia through mofl: kinds' of bodies) its refiftance 
will then be incomparably lefs than in proportion to 
its denfity-, for then the refiftance will not be mea- 
fured by the denfity cf the fluid, becaufe the mu<!Ji 
greater pat^t paHes: through the pores of the body in 
motion, freely without refiftance. Suppofihg this 
to be admitted, it is, however, obvious that; even 
in this hypothefis, the refiftance of a golden ball in 
#/i/(«a« would b^ iliil very great/ For diis fubtle 
jHuid, how\penetrating foevcr it be, muft refiftthe 

■ In a rmal) piece p4bli(hcd (ta thh tahjt&, a far yean ago, 
^y an ingen^ui genilfmaD. 

■ ■■■' ■■' -' ' , W 
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folid parts of the ball ; which Cannot move in the 
fluid without difplacing its pans, and l60ng as.tnuch 

" itiOtion as muft be cCihmunicated tO thojc parts ; 

*and this rt^Aafict depends on the.quantit^ tx IbUd 
parts in the ball : whettas the- refiftance Wh^ the 
fame ball meets with in quick filver (which we fup- 
pak to have np pafTage diroiigh the ball) depends on 
jthe quantity of the folid parts in an equal bulk of the 
quick nivcr, which mull be moved to make ivay for 
the b^. A^d this being tefs than the quantity (^ 

.folid parts in an edu4 bulk of the golden ball» ill 

J)roportion as the ^'^cific gravity of quick filver is 
efs than that Of gold, it follows that the rcfiftance 
of a golden' ball, moving in fuch a lubtile pehe* 
ttann^ pUnimt would ftill be greater than its rcfift- 
ance in' quick fjlvec To illuln-ate this farther, the 
Ipccific gravity q£ gold being to that of quick filver 
nearly as tgs to 140, fuppofe a golden ball confift- - 
ing of 195 folid particles to move in the plenum with 
a given velocity, and to defcribc a very fmall fpace j 
and then fuppofe the fame ball to rnovH in quick 
filver with the fame Velocity over the fame fpace i 
in the former cafe, the folid parts of the ball difplace 
a certain quantity of the ^/mjus, fuppofe a quantity 
'equal to the ball, or 195 parts ; in the lattrt cafe, 
they difplace an equal bulk Of the quick filver, that 
h, 140 folid particles. • But becaufe it may be faid 
for thofe who maintain in univerfal plenitude, that 
the golden ball meets with a refiftance from the fub- 
tilc Buid that replenifheS fpace, while it moves in the 
quick filver, as well as from the quick filver itfclf s 
■ Jet this likewife be allowed, and let us even fuppofe 
it to meet with as much rcfiftance from the plenum^ 
while it moves in the quick filver, as when it moves 
in a fpace free from any grofs fluid ; yet it will flilt 
appear that the refiftance of' the golden ball in the 
$lenitm ought to bear at teaft as great a proportion 

to 
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te iu refi^ce in quick filvo', %s the denjity of ^oI(l 
js to the fum of the denQtiet of gold and quick 
lUver, or as tp^ to 335, and confequcfitly ought ta 
be cifiht times greater than its reuftancc in water. 
Thif IS the lealT refiliiiiicc fuch a ball could meet 
with in a fleimpt, ^q\i\h w; allow the fuppofitioiu 
^at are tno& favourable iq phi* dpdpne -, and this 
refiftancj; wowld fqpn put at) cpd to the motions pf 
bodies. But it is evtdpnt oift ?C^loiy(^l too muc|i 
in favour of t|icir.diWrine,^hfniiTe fuppofcd thj: 
ball mpying in Fhc qi^icjt Tuv^r to tpcet yith 9 refift- 
an.ce cfj^ual to tljf Jum of the refift^pcei th*t if would 
meet vitti frorn the plmup* ^nd qgick filver feparate- 
\j. For, according 19 t^s fuppdruion, its rcjjflaiwv 
ip q^ick niver ijvoiild tie t9 itis refinance in vatcr, a^ 
^he uiip of thft dcnfincs pf ^Id 904 quick filvcr to 
the funi of the denCuics of gold and water, that is, 
as 33| to Z05, or $7 to 41 ; lb that the refinance 
of quick ly vcr woyl^ ftpt be double of that of water, 
br even doublp of t(i« of air* than which RPthing 
can be piprc cQnfr»4i'^''y W cifpprimcM. 

It is <4 Qo ifvportaoct; to |;hi$ argument how [are 
^Id, quick filver, or riw besvicft bpdie^^ be fup- 
poftd J fince the refiftjnpe of qyick filver in fa£t if 
knqwD to be very ^ej|t, and ts not altered by fuch 
fuppoficions : neither i^ fhc propprtion of the depfiqr 
pf gold to that Pf qV'*-^ P^^**" (Mf°^ which prpppr- 
tioti the argument i? fpubded} ^o£ted by them. 
I^or it will always be found th^t the refiAance of a 
colden ball in a pl<sum (ho^' fn^ely ibevor it pal^ 
fhrou^ the pores of the ballf »i?a how large pr 
numerous fpcver thefc pores nwy be) muft corre- 
fpond to the folid matt«r in the ball ; which is 
greater than (he folid ro<itter in ^ny equal bulk oi 
any of ©hi fluids j upon wUch tb^r refiftance de- 
pends. The fuppofing the &>lid OMtter in the quick 

ulver 
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filycr to occupy onljr the Ujoufenddi ix millionth 
part of its bulk, has no other efii:£t but that it fup^ 
pofes the inertia of a ^ven quantity gf foUd matter 
to be incrcafed in the fame proportion with the rarity 
pf the quick Hirer, whofe inertia is in f«A n&xrt 
fiained. 

The refinance which arifes ftoai the tenacitir or 
adhefion of the parts of Quids may be diminifhed; 
but ftill the refinance which ari&s m>m die inertia of 
the matter remains': if this coiiLd be taken away, ai 
fhe -matter would have no refiftance, (o it is not cafjr 
to conceive how it could ha^ any ai^ivity or mecha^ 
nical force to impel bodies, or to pmduce any of 
the eSieds which are attributed to the ilibtilc matter 
of the Cartefiaas. For action and reafUon are al- 
ways equal, and we know of no &rce in bodies but 
what arifes from their refiftance to change their ftate, 
or their iaertia. Without this there could be no 
centrifugal force, the favourite power by which 
thofe pbilofophers endeavour to explain the pha^oo- 
mena of nature. 

They fuppofe the particles of thofc fubrilc fluids 
to move conftantly and equally in 5II direftions; 
and, by the favour of this hypothefis, they imagine 
that they may fuppofe thenv to a£t but not refift. 
But they have neither made this ftrange fuppofition 
probable, Aor even credible, nor can they (new that 
it would anfwer their purpofe. A motion of a fluid 
- favours the motion of a body in it, only as £ir as it 
is in the fame direction.; and an inteftiae motion of 
the parts of the fluid, equal in all direftions, can* 
not make the refiftance leis than if there was no mo- 
tion of the parts. It is fuppofcd by many that the 
particles of common fluids, water or ur for exam- 
ple, are in A ccmftant inteftiae motion ^ but this does 

not 
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Dot hinder thofe 0uids from reGftbg in proportion to 
tbeir denfity. 

W« are R>td bf kme, thac it is impolfiblc to con- 
cave a vscktm* But this furely muft proceed frooi 
their having imbibed D» Cartes's doArine^ thai the 
cflcnce of Dody is conftitutcd by extenuon ; as it 
would be contradi&ory to fuppofe fpace without ex- 
tenfion. To fuppole that there are fluids penetrating 
all bodies and replenifhing tpace, which neither refift 
nor a£t upon bodies, merely in order to avoid the 
ladmhting a vaatumy is fdening two forts of matter, 
without any neceCGty or foundation ; or is ucitly 
givii^ up the qucltion. As for Mr. Leiiitiiz's ar- 
guments againffc a vacttum, we defer them till we 
come to confider the emendations that have been 
made to this fyftem. 

The fiune quantity of motion is not always pre- 
ferved in the univerie, as Des Caries rafltly concluded 
fix>m the immutability of the Deity. The quantity 
of abfolutc motion is continually varying ; it is di- 
minilli:d in the compofition of motion, and, in 
many cales, in the colHGons of bodies that have an 
imperfcd clafticity j and. it is increafed in the refo- 
lution of motion, and, in fome cafe*, in the colti- 
fions of elaftic bodies. Ic requires an aftivc prin- 
ciple to account for the hardnefs of bodits % and the 
parricJcs being at reft b not fufficicnt for this pur- 
pofe ■, for this would not hinder them to be feparated 
from each other by the leaft force. There is hardly 
one article in this fcheme.but what is, in like man-. 
per, liable to infuperable difficulties. 

■ After all, Det Cartes faw the neceffity of having 

recourfe to obfervation, tho* unwillingly ; and he 

appears to be at a lols how to acknowledge it, after 

halving 
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having boafted fo much of hu principles. He eelb 
us that h^ found thefe fo extenfivc and fertile *, that 
many more things followed froni them than we find 
in the yifible world. Other philofophers have com- 
plained that they were able ta .account for too ^ttle 
of nature : D« Cartis finds that his principles were, 
more than fuffictent to account for all her pheno- 
mena, and feems only to fear lefl: he Should account 
for too much. Therefore he has recourfe to iSva 
phaenomena, not becaufe he would prove any thing 
from them % for he takes care that -we fliould not 
have lb mean an opinion of 'lus bhilofophy, as to 
imagine he would efiablifli it on fai^s ; but that hcL 
might be able to determine ;his mind to ' confider 
fome of thole innumerable effefb^ which he judged 
might proceed from the lame canfcs, I'atlief than' 
~ others. He likewile acknowledges -f, that the fame 
cfieA might be deduced, from his principles, many 
difitrent ways ; and that nothing perplexed him 
more than to know which of them obtained in na- 
ture. In thofe parages he magnifies his principles^ 
in order to conceal the weaknefs of his fyftem, with 
an aSeAation that only ferves to make it more cvi^- 
dent, and appear unworthy of fo great a man. 

3. Z>« Cartesy by pFacing the eflence of matter in 
extenfion alone, gave occafion to others to draw 

* He citM the effefia^ u lie teils na, Noo qnidem at ipfis 
tiiiqiiiin ntionibns utamiiF id aliquod probandam; Cupimut 
mim radones effeauum ■ cauris, nan autcm e conuaria cauli- 
rum A cfieflibna deducere ;, fed rintam nc ex innameris effefU* 
bus, qnos ab iifdem caufig produci pofle judicamus, td unci po^ 
tiai quam alioi coDfidcrando* mentem noftrafli determtnemua. 

f Sed oontiten me eciani oportet potentiam natorx efle ade* 
snipUm, ut nuHvmfereamplius par[iculareme5eADmobrerv«mt 
quern Aaiim variii vuiu ez iia principiii deduci polTe non agDot< 
cam : nihili^e «rdinaria mibi difficitius videri, quam iHTenir* 
quo ex hi* media inde dependei. D* Mttbtit, \ 6. 

conlequenccs. 
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confcqileoces, from t&is doftrinci of a dangerous na- 
cure i which undoubtedly he would have difowned, 
tho' 'as not eafy to fee how he could have got rid of 
them. As we are not able to conceive that fpace 
can be annihilated, or that there ever was a time 
when Qiace or expanfion was not •, fo if we allow 
that extenfiorf alone conftttutw the eflcnce of matter, 
we cannot bat afcribe infinity, eternity, and ncceMry 
exiftence to it. In this manner Spinoza reafona from 
the CarteJSoH principles, affirming diac matter is not 
only infinite and neceflary, but alfo thiat it is one 
and indivifible •. " This, fays he, cannot be de- 
*• niedbythcrfewhorcjeftthepoffibilityofatJiioBow; 
« for if matter could be fo divided that its parts 
« ftiould be really diffinft, why might not one part 
« be annihilated, the reft remainit^ conneAed with 
■* each other as before ? fince of things which ard 
*' really dilHnft from each other, the one can exift 
« and remun in its ftatc without the other." Iri 
another place, he tells us, that if any one part of 
matter was annihilated, all cxtcnfion would vaniih 
with it f. This author appears to have been very 
•• con- 

* Nun fi fabftantia corporei ita poflet diridi nt ejoi psrte* 
T^tM' diili'D&ae cflent, cor ergo ana pan noa poflec cnnthilari 
nanentibu* TcliquiS) ut ante, foter fe connexia ? £c car omne* 
Ita aptui debetiC ilt: detur racanm ? Sane, reram qua: realiter aB 
iDvicem diftiafiic Aiat, una fine alii elTe <c in fuo lUta manere 
pOKft. Cum iginr raraam ia tMari nbv detor, fed omtaea 
fntn ita conturrtne, debest ut detur Tacnaitai feqnictir liiiic 
rtiam eafdem Don pofierealiter diftingiii ; hoc efl, fubftandaa 
CDrporetin, qusteBUs {tJbtuhUA eft, non pofle dividi. SftMKe, 
£ibic, part 1. {tn^. \^. fchol. 

-f Si mia pftn mnetix aanihiliretar, fimul etian tota exten> 
fio tvanefteret. Efti/i. ^. ei Hnr. Oidni. 

From thefe and other paflaMi it appeafa, that thii aether 
wai nnhappilj mifled by the doArine of Dtt Cartu, thac th« 
lelTcDCC of matter ii conftituted by exteafion. It mnft be owned^ 
however, that many oF the Carttfia.ni euleavoure<i to wrang^ 
mray the dreadful cbccId&oq ; but Uiey had Ihortned their work. 
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cOnVetfaftt ih the ^ridn^ of V'es Cartes J, the two 
fitft farts of Whofe prindpia he reduced into the ^o^ 
metrical form, Kir. Leibnitz himfelf calls fpiriozifm 
vn Cto-iefianifm outre; and it is apparent that his 
, method, and inany of his doariBCs, wefe derivetl 
frbm this fourte. , 

. As Des Cartes had concluded, from the idea ot 
aft infinitely perfe^ ncciflarily-exifting Being, that 
fach a Being muft etift ; fo Spinoza^ from our haviria 
a true idea (that is a clear and diltinA idea, a» he 
himfelf explaihs it) of a fubftancc, infers that it muft 
neceffarily eiift • -, or, to ufe his own words, that its 
cJtifttrtce as well as its eflcnce muft b* an eternai 
truth. As Des Cartes precehded to deduce all the 
phsnomeha of nature frbm the jiatiire add proper- 
ties of the firft caufe ; fo Spinoza pretends, that all 
our knowledge is to be derived from true ideiu' (aa 
he always cans them) and chat tHofe triie ideas ought 

fUid had pibcteded on better grtimdr, tf thej batl KjeOfed' dw 
prindple, Yu Sfimtsa, ii kii fernty^tlurd letter^ pMtehdi tot- 
find fault with ih^ Cw/m for defining matter byexteDfion, which, 
according to hiiB> onght to hare Men o^umd by am atitibiMs 
that JkcNHd ezfwcr* natg'MiiaJ and iafiuu tfftfitt. 

,.I QS**™ *l^ rnianio fdcndt asiore udsrct, ^nid iahuiagMil 
virej vklerent ezperiri decrerit. Ad hoc propofitum iirgcBd«tm 
fcripU philofophics aobitiffimi & fHouiij^iIolbphi Jb*«f/ iJVf 
Cartti- lasgao ei fuwunt adjuraento> f/nMi. opcr. poftb, 
prefat. 

* Si qaii dicerit Te claram U difiinAan* hoc eft reiMW idetmt 
liibftantis hafere; it niKiloniiDiis dabitaie onm talit {abftaoli* 
cxiftat, idem, herele eOetac fi diceret &! tcram hAxtK idean, 
H nihilominu* dubiureaumfaira fit (ut fatit attead«nti 6t ijMai- 
fcftum:} Tcl fiquisilauut fabflanuamcreari, final ftatbitidMai 
fallaiD faftais efle veram ; quo fane niliii abfunliai eoncipi po- 
t*tt : adeoiine futailuin necefi'ario ell, ftibfUndB cuftontiwai 
ficut cjuf efientian getcrnam elle vuitatem. £/&>. port I. 
prap, it, fchol. 3, 
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to be prodtic(4 b7 tbe miad f, from that idea which 
rtpitfenfs the moft perfed Being, the origin and 
ioantain of nature, Des Cartfs rtAc&ed £c con- 
llderatioti of final caufcs from philoiTopby ; and Spi-' 
lifza tells us thcjr arc nothing but human fidion f, 
afUl laughs at thofe who imag^iie that the eyes were 
defigoed An- feeing, or the fun for giving light He' 
derives our notions of good and evil, order and con- 
fufion, beauty and deformity, from the fame fourcc^ 
As JDw Ciw/w^reprefcnted the univcrfc as a machine 
that might have beeti produced at firft, and nuy ' 
continue to ezift for ever, by mechanical laws only, 
the fame quantity of motion Fcmaining always in it 
lUialterable ; fo Spinoza reprefentcd it as infinite and 
neceflary, eodowed always with the fame quantity 
of motion, or (to ufc his inaccurate cxprdjion •) 
having always the fame proportion of motion xo reft 
ia it, and proceeding by an abfolute natural ncccl^ 
Qty i without anjr fel^mover or principle of llbeti^t 

In all thefe, Spintza has added lat^y, from his . 
o^a rma^ation, to what he bad learned from 

t Ut iiim>. neftra omnino referat natnra; exempbr, debet 
tomaa fiuu idm pnduccre A tk qoai refien origiDcm it fontem - 
tftdn* niiane, at ipfa etiun fit font ceteranim ideanim. Sflwdm. 
de enieiidatioiR inre)tea. 

] Utjamoftendaoi natnrani nnllam fibi finem pnefixam B^ 
beie, ft omne* canfu .finalet nihil aifi bnmaiik eflc bgmtf'DU, non ' 
opai eft mullii, &c. Hoc adhuc addun, nempe hgnc dc fine' 
doftrinNA nstiirani omnino everterc, Afptnd. pn>|>. j6. part i. _ 

* OiDAia corpMV ab aliii circDmcingantar, ft ab inviccm de- 
terminantar ad eziftendum It openndum, cerci' ac determinaci! 
rationei ftrvatfi femper in omniba* fiitMil, hoc eft in toto uni- 
vcrfb, eidem raooae notur ad quiiftein, Efijl- 1 ;.— ^^— Corpnr 
owtum vel qBieicens xi motum vel quiuem ^etertninari debuiC 
ab alio Forpore, quodetiate ad mMum vcl qoietem deterAroa- 
tam fait ab alio, ft itlnd iterumab alio, J^ fie in (nfiniioia-, • 
gfiie, parts. fOf. it. km. }. 
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Vet Cartes. But from a comparifon of their method 
and principles, we may beware of the danger of 
fetting out in philofoph/ in fo high and prefumptuoua 
a manner; while both pretend to deduce compleat 
fyftems from the clear or true ideas, ' which they 
imagined they had, of eternal cffences and ncceffary 
caufes. If wc attend to the confcquences of fuch 
principles, we ihall the more willingly fubmit to ex- 
perimental' philofophy, as the only Ibrt that is fulted 
to our faculties. It were unrcafonable to charge 
upon I)es Cartes the impious cotifequences which 
Spinoza may have been led into from his principles ; 
but we cannot but obferve, to the honour of Sir 
I/aac Newton's philofophy, that it altogether over- 
throflra the foundation, of Spine-za^i dodrinc, by 
Ifaewing that hot only there may be, but that there 
adually is a vacuum; and chat, inftead of an infinite, 
neceflary, and indivifible, plenitude, matter appears 
to occupy but a very fmall portion of fpace, and to 
have its parts a£tually divided and feparated from 
each other. , 

It would be of no ufe to give a more particulfff ' 
accouHt of the fyftem of Spncza"; nor is it poffible 
to defcribe fully, in an intelligible manner, fo ^bfurd. 
a do6trine. It is allowed even by thofe who, on 
other occafions, have ftiewn a difpofition towards 
fcepticifm, in relation to the foundations of natural 
religion, to be the mod monftrous that can be ima- 
gined 1 and to be fo oppofice to the moft evident 
jiotioos we are able to form *, that no perfon of a 

right 

* Thefe are the wordf of Mr. B^h in the article otStliuzai 
Inhere he ex^ofn the abfardities of Uiis f;f ftem very cleaHy, and 
affirm) that the weakcA of itt adverfariei wai able to have over- 
turned it. .Out view in giving Tome account of it, wai not ooljr 
t« Ihcw the abfurd coafeqnencei to which Dn Cartt^t (yttem 

G >»^ 
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right mind can be iii hazard of giving into it. He 
pretends, indeed, to proceed in the geometrical me- 
thod and ftyle ; but while he aHlimes a deBnition of 
fubftance and of its attributes at his pleafure, and 
pafles from his deBnitions as true ideas (as he calls 
them) to the neccffary exlftence of the thing defined, 
by a pretended immediate confequcnce, ■ which he 
will not allow to be difpiited, his whole fuperftruc- 
ture appears a mere petitio principii or fiftion. By 
his way of proceeding, any I'yftem whatfocver might 
be cftablifhed. But it does not appear poffible to 
invent another fo abfurd, while he maintains that 
there is but one fubftance in the univerfe, endowed 
with infinite attributes, (particularly, infinite exten- 
iion and cogitation) that produces all other things, 
in itfclf, nccefTarily, as its own modifications ; which 
alone is, in all things, caufe and effed, agent and 
patient, in all refpeds pliyfical and ihoral. 

The Cartejtan doftrine has been often altered, and 
varioufiy mended, fince it was firft propofed by its 
author-, and, for a hundred years together, many 
ingenious men have been making their utmoft ef- 
forts to patch it up, and fupport its credit, by re- 
forming firfl: one part, and then new-nVoddlling ano- 
ther part of this extenfive fyftcm. But the founda- 
tion is fo faulty, and the whole fuperftrufture fo 
erroneous, that it were much better to abandon the 
fabrick, and fuffer the ruins to remain a memorial, 
in all time to come, of the folly of philofophical 
prefumption and pride. 

leads, but likewife to trace Sfineza's, ijoflrinc to its fource (for 
the fake of fome who may have been milled into a favourable 
opinion of it,) which is no other than the Canifian fable ; of 
which almoft every ariiclc has been difproved by Sir ]faix 
l^'ciiUa, or others, 

4 Mr. 
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Mr. Leitititz retained the Cartefian fubtile matter, 
with the univerfai plenitude and vortices ; and re- 
prefented the uciveife as a machine that Ihould pro- 
teed for ever, by the laws of mechanirm, in.the moft 
perfcift ftate, by an abfolute inviolable neceflity \ 
tho* in fome things he differs from Hes Caries. Af- 
fer Sir Ifaac Newton's philofophy was publifhed (in 
1687,) he printed an eHay on the ceklHal. motions 
(^AH. Erudit. 1689) where he admits of the ciFcu- 
lation of the ether with Des Cartas, and of gravity 
with Sir ^aac NffLe>tm ;, but he never explained how 
thefe could be reconciled, and adjufted tc^cttwr, fo 
as to account for the planetary revolutions ^ or boW 
gravity arofe from the impuUe of this ether. Nor 
did -be Ibew how his harmonical circulation of the 
ether could be reconciled with the law of the mo' 
tions c£ the feteral planets, in their refpedive orbits ; 
which is- very diiferehc from the law of the motions 
of the lame planet, at its various diftances from the 
fun. The angular velocity of any one planet, de- 
creifes from the periheUum to the apheUum, in the 
fame proportion as its diftancc from the fun increafcs^ 
and this is what he calls the harmonical circulation. 
If this law took place likewife in the motions of the 
different planets compared together, throughout 
the fyftem, this hypothesis, of their being carried- 
along with a circulating ether, might appear more 
tolerable : but the velocities of the planets, at their 
mean diAances, decrease in the fame prc^ortion as 
the fquare roots of the numbers which cxprtfs thofc 
diAances from the fun. Neither did he Ihcw how 
to reconcile this .circulating motion of the ether with 
[he free motions of the comets in all directions, or 
with the obliquity of the planes in which the plafieta' 
revojye to the equator oS the fun and to one ano- 
G 2 theti 
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thcr ; or refolvc the other objeftions to which this 
hypothefis of a plenum and -vortices is liable. 

Afterwards however, on occafion of fome difputes 

(hat had arifen concerning hJs title to the invention 
of the calculus of infinitefimals, or method of 
fluxions, he appeared with great warmth againft Sir 
Ifaac Newton\ philofophy, and placed himfelf ar the 
head of its oppofers. It is necdlefs to infill here on 
the pafllon and prejudices that his followers have 
expreflcd againft it, and againft thofe that have ap- 
peared in its defence. It is better ro forget thefe, 
and to confine a philofophical difpute to philofophi- 
cal matters^ 

Mr. Leibnitz's fyftem has been the more accept- 
able to many, becaufc, from the wifdom and good- 
nefs of the Deity, he concluded the univerfe, upon 
the whole, to be a perfeft work, or the beft that 
could poffibiy have been made. This doftrine wai 
very agreeable in all times to the philofophcrs who 
acknowledged a fupreme beneficent governor ; but 
the origin of evil perplexed them. The folution of 
this was what Socrates expected from the writings of 
^naxageras,, but Was dilappointed. The fupreme 
Being, according to Tim^us Lecrus^ was S'aifA.ipyoi 
Tw |SeAT/ocof. Plato taught that the fufircme gover- 
nor has difpofed and complicated all things for the 
happinefs and virtue of the whole, and that ouf 
complaints are groundlcfs, arifing from our narrow 
views of things. Cbryfippus was of opinion • that ic 

could 



• ExiAimat Cbrjfipfus Bon hoc fuilfc natime prinripale conli' 
lium ut facerct hooiinci morbia obnoxios, nuaqaam enim Jioc 
convenifTe nacurx aiiflori, parentiijue rerum omnium bonaruin; 
led quutn multa. atque magna gigneret, parereique apciflitna & 
«tili£mai alk ^uoquc fiaut agnata fuot inconnnoda ii) ipfis qaw 
facie bat 
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could never have been the aim or firft intention of 
the Author of nature, and parent of all good, to 
make men obnoxious to difeafcs j but that while he 
was producing many excellent things, and forming 
his work in the beft manner, other things alfo arofe, 
connedted with them, that were incommodious j 
which were not made for their own fakes, but per- 
mitted as neceflary confequences of what was beft. 
Mr. iMbnitx has wrote at great length in defence of 
this dotftrine, and has endeavoured to anfwer the 
objeftions that have been made againft the perfe<5tion 
of the univerfc. 

But this learned author's fpeculatlons, tho* they 
may perplex a cautious reader, cannot fatisfy him. 
He propofes two principles as the foundation of all 
our knowledge -, the firft, that it is impofllble for a 
thing to be, and not to be at the fame time, which, 
he faysj.is the foundation of fpeculative truth The 
other is, that nothing is without a fufficienl reajon 
why it fhould be fo rather than otherwife ; and by 
this principle, according to him, we make a tranfi- 
tion from abftrafted truths to natural philofophy. 
From this principle he concludes, that the mind is 
■naturally determined, in its volitions or eledions, by 
the greateft apparent good ; and that it is impoHible 
to make a choice between things perfeiftly like, which 
he calls indifcernibles \ from whence he infers, that 
two things pcrfeiftly like could not have been pro- 
duccd even by the Deity. For this reafon, and 
other metaphyfical conlJderations, he rcjefts a va- 
luum, the parts of which muft be fuppofed perfeftly 
like to each other. For the fame reafon he alfo re- 
jects atoms, and all fimilar particles of matter ^ to 

faciebat coTiEcrentia ; eaqae non per naturam, fed per fequelaa 
quafdam neceflarias, fafta dieit, quod ipfe appciiat xaV* Tap«- 
tiKi^lttlf. ^"l- GlU. lib. 6. cap. 1. 
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each of which, tho' divifible in infniium, he afcribes 
• a monad, or aftive kind of principle, in which, 
fays he, are as it were perception and appetites. 
The eflencc of fubftance he places in a^ion or afti- 
vity, or rather (as he exprelfes it) in fomelhing that 
is between ading and the faculty of afting. He 
affirms abfolute reft to be impoffible, and holds mo- 
tion, or a fort of wz/sj, to be eflcntlal to all mate- 
rial fubftances. Each monad he defcribes as reprc- 
fcntalive of the whole univerfe from its point of 
iight ; and, after all, in one of his letters tells us, 
that matter is not a fubftance, but a fubftantiatttm^ ' . 
OX phcngmens bkn funds. 

Such are the doftrines and expreflions of a philoo" 
fopher who valued himfelf upon his clear and ade- 
quate ideas, and ridiculed the mctaphyfics of the 
Englijh, as narrow, and founded on unadequatc noi 
tions. The crilerien of truth is ufually placed in 
clear and evident perception ; but fome philoJbphera 
feem to value doftrines in proportion as they are 
cbfcurc. Who would imagine that, in natural phi- 
lofophy,' fuch arguments ftiould be preferred to the 
plaineft fadts, and experiments for determining the 
qucftion concerning a vacuum ? Let any man reflect 
on his own thoughts, from which only any notions 
we have of liberty (and confequently of the divine 
liberty) can be derived -, and if he is fatisfied that 
he could chufc between two defirable things that ap- 
pear equally good, rather than want both, fuch ar- 
guments can ha\e no force upon him. His diffi- 
culty Iccms ftill to remain againft the particles of 
matter, after all the pnins he had taken to diftingui(h 
them by his monads ; for how fhall we dlltinguifh the 
mnads themfelves ? or if that may be prafticabic, 

♦ AflaLipfia;, !6g9, p. 435. 

how 
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how fliall we diftiflguifli the fame monad from itfdf, 
in all the moments of its exjftence ? If two things 
perfeftly like to each other can exift in different 
tirpes, furely they may exift in different places at the 
fame time. This learned author appeared very 
averfe 60 thofe doctrines which he imagined had a 
tendency to reftore the exploded tenets of the fcho- 
laftic philofophy ; yet thefe monadsy as far as he h^s 
condei'cended to defcrjbe them, appear to be as in- 
comprehenfible as their fubftantial forms, enteiecheiOt ' 
or moft occult qualities. 

He makes great ufe of a comparlfoij between the 
effects oi oppofite motives on the mind, and of 
weights placed in the fcales of a ballaqce, or of 
powers afting upon the fame body w'th contrary 
directions. His learned ancagonilt denies that there 
is a fimilitude between a ballance moved by weights, 
and a mind acting upon the view of certain motives ; 
becaufe the one is entirely pafTive, and rhe other not 
only is aifled upon, but afts aJfo. The mind, he 
owns, is purely paflive in receiving the impreffion of 
the motive, which is only a perception, and is not 
to be confounded with the power of afting after, of 
in confcquence of, that perception. The difference 
between a man and a machine does not confifl: only 
in fenfation, and intelligence ; but in'this power of 
afling alfo. The baliance for want of this power 
cannot move at all, when the weights arc equal : 
but a free agent, fays he, when there appear two 
ferfedly alike reafonable ways of aifting, has ilill, 
within itfelf a power of chufing ; and it may have 
ftrong and very good reafons not to forbear. It i$ 
evident that as it is from internal confctoufnefs I 
know any thing of liberty, fo no afferdon contrary 
to what I am confcious of concerning it can be ad- 
piitted i and iK. were better perhaps to treat of thij ■ 
G 4 abftruf; 
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abftrufe fubjeft after, the manner of experimental 
philofophy, than to Bll a thoufand pages with meta- 
' phyiical difcuffions concerning it. But to leave this 
iubjcft, the doctrine of liberty is fo foreign to the 
queltions concerning a vacuum and atoms, that ic 
muft appear a far-fetched uncommon ftrctch of me- 
taphyfics to pretend to determine them by it j and 
very unaccountable to refufe the Deity the power of 
producing, by one aft of his will, all the matter in 
the univerfe at once, tho' it fliould be fuppofed per- 
fedly fimilar and uniform. 

5. From the fame principle, Mr. Ltibttitx con- 
cluded, that the material fyllem is a machine abfo- 
. luteiy peried:, that can never fall into diforder, or 
require to be fe't right; and that to imagine that 
God intcrpofes in it, is to leflen the fkill of the Au- 
thor, and the perfeftion of his Work. 

But this is rriore than his own principles require. 
For tho* it fhould be allowed that nothing is limited 
without afufficient reafon ; yet, upon the whole, it 
may be better that the Author of the world (hould 
a£t immediately in it, cheriihing and governing his 
work, and fometimes changing or renewing it. 
Can the beauty and perfeiftion of the univerfe be 
the worfc for His ading in it, who muft be fuppofed 
to ad always with perfed wifdom ? It was fit that • 
there fliould be, in general, a regularity and con- 
ftancy in the courfe of nature ; not only for the fake 
of its greater beauty, but alfo for the fake of intel- 
ligent agents, who without this could have had no 
forefight, or occafion for choice and wiiHoni in 
judging of things by their confequences, and no 
proper csercife for their other faculties. But tho' 
the couric of nature was to be regular, it was not 
ffecclTary that it ihould be governed by thofe princi' 
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pies oniy which arife from the various motions and 
modifications of unaftive matter, by mechanical 
N laws ; and it had been incomparably inferior to what 
it is, in beauty and perfection, if it had been left to 
-them only. 

Sir Ifaac Newton was of opinion that the fabrick 
of the univerfe, and courfe of nature, could not 
continue for ever in its prefent ftate, but would rc- 
<juire, in proccfs of time, to be re-eftablilhed or re- 
newed by the fame hand that formed it. Yet this 
philofophy was condemned by Mr. Leibnitz as lead- 
ing to impiety ; and, which is very furprizing, this 
particular dodrine was excepted againft as having 
fuch a tendency. He objefted, that as a good arrift 
made his workman(hip as perfeft as polTible, fo it 
argued a want of power' or fkill in the Author of 
th^ world, if it fhould ever require to be reformed 
or wound up again. But Sir Ifaac Newton thought 
it altogether confiftent with the notion of a moft 
perfcA Being, and even more agreeable to ir, to 
iuppofc that he fhould form his work dependent 
upon himfelf, fo as after proper periods to model it 
anew, according to his infinite wifdom. To exclude 
the Deity from adiing in the univerfe, and govern- 
ing it, is to exclude from it what is molt perre£t and 
belt, the abfcnce of which no mcchanifm can fup- 
ply. Such a dodtrine could not have been propofed 
by one of Mr. Leibnitzh fentiments concerning the „ 
perfe^ion of the univerfe, if he had not been nii& 
led by an excelTiVe fondnefs for neceffity and mc- 
chanifm. 

' The capital dotftrine of this philofophy that repre- 
fcnts the univerfe as a perfect inachine, fuch as may 
continue for ever by mechanical laws in its prefent 
ft^K, is, that the fame quaatity of force and vigour 
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remvns always in ic, and pafks frotn one portion of 
matter to aaotiier, without undergoing any change 
in the whole. Des Cartes maintained that the fame 
quantity of motion is always prcfervcd in the uni- 
verfe. Spinoza called it the fame proportion of mor 
tion to reft. Mr. Leibnitz diftinguiftied between 
th« quantity of motion, and the force of bodies ; 
he owns that the fcumer varies, but maintains that 
the quantity of force is for ever the fame in the uni- 
verfc : and yet there ii no do(3:rinc more repugnant 
to pcrpctuiJ experience and common obfervatign 
. than this is, even tho' we fhould meafure the forces 
of bodies b); (h« fquare* of the velocities, according 
to his doiflrine. If all bodies in the world had » 
pcrftiS.elafticiEy, there might be fome pretence fof 
maintaining this principle. But there never has i^ecn 
difcovcred as yet 4Py one body, whofe elafticity \» 
perfe^ ; and when any two bodies meet with equal 
motions, they rebound with lefs motions, and ther« 
it always force loft by their coUifion ; and if the bo- 
dies are foft, they both ftop, bccaufc of the impe- 
netrability of their parts -, or, to fpeak in this au- 
thor's favourite ftyle, becaufe there can be no fufH- 
cient reafon why one of them fhould prevail, rather 
than the other. In this cafe, their whole motion is 
loft 1 and the motion of the one being deftroyed by 
the oppofite mc«ion of the other, it is without 
ground, and merely to fave an hypothefis, that 3 
fluid is imagined, which they feign to receive and 
retain the forces of thofe bodies. When liberty ia 
taken to fupport one fiction by another, this by 4 
third, and \o on, any fyftem may be maintained. 
According to our firlt views of matter and motion, 
•from the plaineft experiments, matter spears to be 
an unaiStive fubftaoce of no elarticity ; yet they 
jifcribe a perfeft elalUcity to all their fublile -matter 1 
^ laws of motion arc propofed by thc«i as general, 

which 
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which can hoM of perfeflly claftjc bodies oniy, that 
is, of bodies, not one of which ha$ hitherto been 
found in nature. They have never been able to ex- 
plain how thia perfect elafttcity arifes from-the laws - 
of mcchanifm -, yet, according to them, the world 19 
a mechanical perpetual movement. 

The genius of this kind of philofophy appears on 
no occafwn fo evidently, as from tho arts which , 
have been ufed to get rid of the infuperable objec- 
tiwis againft the vortices. To remove the difficulty 
a ftep farther, or to involve the tjueftion in obfcu- 
rity, new vertices arc introduced in every infinitely 
fm^ particle of matter. From thcfe, if there be 
occafion, they will defcend into another order infi- 
nitely left J and fo on ; for they exprefly pretend to 
take the fame benefit from the infinite orders of ihfi- 
niteCmals, in philofophy *, that is claimed by fome 
■ late geometricians in the rcfolution of their problems. 
Thus (as we oblerved elfewhere f) an abfurd philo- 
fophy is the natural product of a vitiated geometry. 
For tho' it follows from our notion of magnitude, 
that it always confifts of parts, and is divifiblc with- 
out end, yet an actual divifion in infinitum is abfurd, 
and an infinitely little quantity (even in Mr. Leih- 
»w/z's judgment J) b a mere fiflion. Philofophers 
may allow thcmfelves to imagine likewife iniinite 
orders of infinitely fmall particles of matter, and 
fuller themfelves to be tranfported with the idea; 
but thefc illufions are not fupported by found geo, 
mctry, nor agreeable to common fenfe. After al^ 
that has been faid for the vortites, there is not one 
experiment to favour them ; and fome of the moft 

• Men. de rAcademie Royale de* Scienter, 1715. 
t Treaiifeof //«j:iinj Inirod.p. 47. 
I fiflay de fbtudicie. ^ 70. 
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common and timple are againft admitting Tuch fluids 
and their motions. 

Wp have another inftance of the art by which 
they fupport their fchemes, in the pretended demon- 
ftradon they give againft the poffibility of atoms, or 
of any perfeSly hard and inflexible bodies. Accord- 
ing to what they call the law of centinttity^ all 
changes in nature are produced by infcnfiblc and in- 
, finitely fmalt degrees ; fo that no body can, in any 
cafe, pafs from motion to reft, or from reft to mo- 
tion, without pafiing through all poflible interme- 
diate degrees of motion j from which they conclude 
that atoms, or any perfeftly hard bodies, are impof- 
fible J becaufe if two of them fhould meet with 
equal motions, in contrary direftiotis, they would 
necefiarily ftop at once, in violation of the law of 
cehdnuity*. But upon what grounds have they 
made this an univcrfal law of nature ? Tho' in 
common bodies (which are looicly compounded of 
particles tliat are themfelvcs compounded of others 
of a lower order, and foon ; lb that we cannot ar- 
rive at the elements, or atoms, till after we know 
not how many refolutions) the parts yield in their 
coUilions, we cannot affirm this, of the atoms or ul- 
timate elements themfelvcs. This yielding is a con- 
fcqucnce of the contexture of bodies, which have 
always much more of void interftices than of folid 
matter, and tfonfift of particles that muft be fup- 
pofed to adhere to one another with a force incom- 
parably lefs than that by which the matter of the 
elementary particles, themfelves holds together "t*. 

The 

• Difcoursfur !eMouvem-nt, Parh \Tt(i. 

t The author of the above cited difcoorfe on motion, tells 
UB, that if nature could pafs from a ftaie of motion to ■ Atts of 
reft U once, without palling through the intermediate degreet of 

motion. 
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The truth is, they found it ncceffary to rgeft bodies 
of a perfeA hardnefs^ becaufe it was impolTibleta 
explain the effects of their collirions, in a manner 
confiftent with the prefcrvation of the fame quantity 
of force in the univerfe, or with their new dodrine, 
^bat the forces of bodies are as the fquares of the velo' 
tities; and therefore they had rccouHe to* this new 
law of «»//»«»ify toprofcribe them. .If fuch a body 
fliould ftrike another equal quiefcent body, of the 
fame kind, the velocity of the firfl: would be equally 
divided by the ftroke between them j but if we mea- 
fure the force by the fquare of the velocity, each of 
riiem would have but one fourth part of the force of 
the. firft body ; and both together would have but 
one half of its force ; fo that the^other half would 
be necel&rily loft, without producing any fort of 
c&e^^ In order to get rid of objeftions of this kind, 
Ibme of the favourers of the new doiftrine, con- 
cerning the menfuration of the force of bodies, con- 
tent themfelvcs with obferving, that no bodies of a 
perfeft hardnefs have been found in nature-, tho* 
there is the fame objeiftion againft admitting and 
treating, of bodies of a perfe^ eiafticity. But others 
boldly rejed fuch hard bodies as impoflible, fronj 
thofe far-fetched metaphyfical confidcrarions we have 
defcribed. How much they have endeavoured to 
perplex the theory of motion, in its plained parts, 
from a zeal for the fame do^iine, will appear after- 
' wards. 

nodoQ, then one flite wonld be delbojred before nature could 
know what new ftaie Ac ought to determine herrelTto; and 
adu how fhe could then determine herfelf to aof one Hate rather ' 
than another ? In anfwer, we need only obferve, that to ceafe 
to move i> the fame as to be at reft, and that whet) the eqaal 
atom flop each other at ooce, there is do interval between the 
fta^ of motion and that of reft) and that when motion 1: dc- 
jBro7ed, refl necefluily enfues. 

The 
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The pdwer of mechinifm was nerer more mag- 
nified than by Mr, iw'iw'/z's famous doftrineof « 
prt-i0ablifiitd barmeipf^ as he calls it. According R> 
Des Cartes^ the brutes were mere machines t and this 
do£b-ine, to many, appeared incredible. But this 
is nothing in compartfoa to what Mr. LeiiitUz would 
have us believe, when he tells us that the foul does not 
aft on the body, nor the body en the foul j that 
both proceed 1^ neceflary laws, the Ibul in its per- 
ceptions and volitioDS, and the body in it8''tliotions» 
without iSt&mg each other j but that each is to be 
confidcred as a feparatc independent machine. The 
volitions of the mind are followed inftandy by the 
dcfircd motions of the body, not in ctMifcquence of . 
thofe volidons in the leaft, but of the nice and well 
adjufted machinery of the body. The impreflions 
produced in the fenfory have no effcil on the mind, 
but the correfpondtng idea ariies, at chat precife 
time, in confequcnce of a chain of caufes o( a diffe- 
rent kind. Thus all that men do or lay, is no more 
than the effcft of cxquifiie machinery, according to 
him. But it is time for us to leave thofe fiAions, 
left the reader fhould be tempted to think thai; aU 
philofophy is iUulion, 



CHAP. V. 

Conchjions from the foregoing obfervaliens. 

z.KT'S H E fum of what we have lAfcrved is, that 
_|_ tho' tbefe learned men may have flicwn 
abundance of genius and invention in their writings; 
yet they, and all others whp have followed a like' 
method, have begun at the wrong end, in tracing 
the chain of caufes, and have attempted to form a 
fcheme of philoiophy that far furpailes the human 

facul- 
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faculties. The ecertial reafons aAd primiiy caufcs 
of things, which ihey imagiiw they poffefs, rife in-^ 
finitely above them -, while certain obfervation, and 
plain fafts^ perpetually appear in 'contradiction to 
their boafted fpeculations. 

We are to endeavour to rife, from the eflefts 
thro' the ihternlediate cati^, to the fupreme caufe. 
Wc arc, from his works, to fcek to know Qod, and 
not to pretend to mark o«t the fcheme of his con- 
duft, in nature, from the very deficient ideas we 
are able to form of that great myfterious Being. 
Thus natural philofophy may become a fure bafis to 
natural religion, but it is very prepoftcrous to de- 
duce natural philofophy from any hypothefis, tho* 
invented to make us imagine ourfclves pofleft of a 
more complete fyftem of metaphyfics, or contrived 
perhaps with a view to obviate more eaflly fome dif- 
ficulties in natural theology. We may, at length, 
Icfl fatisfied, that in natural philofophy, truth is to 
be dtfcovwed by experiment and obfervation, with 
the aid of geometry, only ; and that it is neceffary 
firft to proceed by the method of anafyjist before 
wc prefume to deliver any iy^m Jyntbetically^ 

We may aifo learn at length, from the bad fuc- 
cefs of fo many fruitlefs attempts, to be left fond (rf 
perfeft arid finilhed fchemes of natural philofophy \ 
to be willing to ftop when We find we are not in a 
condition to proceed farther ; and to leave to pofte- 
rity to make greater advances, as time and obferva- 
tion ftiall enable them. For we cannot doubt but 
that nature has difcoveries in ftore for ftiture times 
alfo, which may be retarded by our rafti and ill* 
grounded anticipations. By proceeding -with due 
care, every age will add to the common ftock of 
kaowledge } the myfteries that ftill lie concealed in 

nature 
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nature inay be gradually opened, arts will flourifh 
and increare, mankind will improve, and appear 
more worthy of thdr fituation in the univerfc, as 
they approach more towards a perfect knowledge of 
nature. 

3. 'Twas thus the fpeculative parts (/ the mathe- 
matics gradually arole, from fmall beginnings, by 
the confpiring labours of 'great men, in the diftant 
ages of the world. The Egyptians began this 
fcicnce, the Greeks purfued it, the Arabians prcfervcd 
it, when ic was lod in Europf^ and fet a high value 
upon it while their empire flourifhed -, and fmce the 
late memorable reftoration of letters in Europe^ its 
great progrefs has been the boaft of modern learning. 

I The inundations of the Nile made it neceflary for 
the Egyptians to invent fome art by which they 
fbould be able to meafure their land, and to this> we 
are tolfi, geometry owes its origin and name. The 
priefts of that country, abounding in leifure and 
genius, improved it into a fciencc-, and their kings 
wrote treatiies upon it. Thales brought the princi- 
ples of it into Greece^ where it was fo diligently cul- 
tivated that the elementary part was foon com- 
pleated, and was fo highly eitecmcd as to have the 
appellation of the matbemata in a manner appro- 
- priated to it. An oracle appointing the cubical altar 
of jfpollo- to be doubled was, we prefume, of greater 
advantage to geometry than to the JlbeniaHS then 
, afilidied with . the plague ; as it gave occaQon to 
P/ato to confider the famous problem of the dupli- 
cation of the cube, and produced the folid geometry. 
It afterwards received great improvements from the 
incomparable Archimedes^ who fquared the area of 
the parabola^ made fome progrefs in the meiilur.a- 
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tion of the circle, and enriched this fcicnce with 
many difcoverics worthy of fo excellent a genius. 

It appears that it advanced but by degrees, and 
fometimes by very flow fteps : one, wc arc told, dif- 
covercd that the three angles of an etljuilateral tri' 
angle were equal to two right ones ; another went 
farther, and fhewed the fame thing of thofe that 
have tWQ fides equal and are called ifefitUs triangles \ 
and it was a third who found that the theorem was 
general, and extended it to triangles of all forts •. 
.In like manner, when the fcience was farther ad- 
vanced, and they came to treat of the conic feftions, 
the plane of the feftion was always fuppofed perpen- 
dicular to the fide of the cone ; the parabdd was 
the only fe£tion that was confidered in the right- 
angled cone, the ellipfe in the acute-angled cone, 
. and the hyperhla in the obtufe-angled. From thefc 
three forts of Oancs, the figures of the ftftions had 
their names, for a confiderable time ; till at length 
jipoUenius fliewed how they might be all cut out of 
any one cone, and by this difcovery merited in thofe 
days the appellation of xl^egreai geometrician. 

By fuch fteps this fcience rofe, in procefs of time, 
to that vaft height for which it is admired. Pro- 
blems that appeared of an infuperablc difficulty in 
one, age were relblved in another, and, in a third, 
were ih a manner defpifed as too fimple and eafy ; 
particular theorems were firft inveftigated that led to 
more exienfive difcoveries -, laborious methods were " 
followed, till others were found that were more iim- 
ple and general \ but the gi'eateft care was always 
taken of the certainty and evidence of the fcience, 
as it was carried on. There was indeed a long 

• Pncii CoratnenL in EadUim, 

H inter- 
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interval of many ages, between the period when ic 
fioiirilhed in Grace, and revived in Europe : but the 
antients, having founded it on unexceptionable 
grounds, and carried it on with the utmoft accuracy, 
. when learning was reftored, their works ferved for 
a bafis, as well as for models, to the modern inven- 
tors. Thus the gradual progrefs of mankind in this 
fcience appears fimilar, in fome rcfpefts, to the ad- 
vances of a man in vigour and knowledge. They 
firft made cflays of a weak and unexperienced 
llrength, which by degrees acquired more and more 
force, till at length, after the fuccefsful labours of 
feveral ages, nothing feem'd too high for them. 

3. From what we have obferved concerning the 
hiliory of natural philofophy, it may cafily be un- 

. derftood why its progrefs has been fo different ; and 
whence it proceeds that we feldom have found in it, 
as in geometry, that pleafing gradual rife from fmall 
beginnings to greater heights. Inftead of fearching 

. into- nature, men retired, to contemplate their own 
thoughts i inftead of tracit^ her operations, they 
gave their imaginations full play : where they ought 
to have hefitated, they decided ; and where there 
vas ho difficulty, they doubted. What was fjmple 
they divided, and defined what was plain -,, but in 
what was more intricate, the fubterfuges of art were 
fst up in oppofition to nature, and captious fcience 
againft common reafon 1 while one ill-grounded 
maxim was imagined, tofupport another, and-fii5tion 
was grafted'on fidtion. Hypothefes were invented, 
not for reducing fafts or oblervations of a compli- ■ 
cated nature to rules and order, (for which purpofe 
they may be of feryice) but as principles of fcience. 

~ Thefe were of fo great authority as not to be over- 
turned by cohtradidory obfervatipns, or by the ex- 
travagant confequences that arofe from them ; but 
" ■ - ■ the 
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the author, charm'd with his rhapfody, proceeded, 
without minding thefe, to the conclufion of his 
fable. 

Thus one age or feft couid not but deftroy, for 
the moft part, the labours of another. Sametimea / 
the numbers and harmony of the Pythagoreans fcrved 
for explaining what was moft myllerious in nature { 
■ the ideas of Plato, the matter and form of AriJiotU 
prevailed in their turn ; but ihefe were of ufe only 
to veil the ignorance of men. Epicurus employed 
his philofophy to overthrow the plain and evident 
diftatcs of fenfe and realon ; yet difciples were not 
wanting to fupport and adorn fo abfurd a' fcheme. 
The Sceptics went into the oppofiie extreme, and 
became fo fond of darknefs that they would not fee 
the light tho* never fo clear ; and fome of them 
chofe rather to doubt that they doubted, than to ac- 
knowledge any thing \ yet they too had numerous 
followers. Afterwards philofophy was in no efteem 
but as far as it ferved,- by a perplexed and falfe glofs, 
to promote the ends of fuperftition. Of late, the 
pretended clear ideas of Des Cartes, and mctaphyfi- . 
cal fpeculations of Mr. Leibnitz, have bfeen received 
by many for true philofophy j not to mention the 
extravagancies of Spinoza, and a thoufand crude no- 
tions that deferve no memory. 

We have feen, in the foregoing account of the 
ftate of philofophy in differtnc pL'riotls, that they 
who have indulged themfelves in inventing fyftems 
and compleating them, tho' they have (bmetimes 
fct out in a manner that has appeared plaufible, yet, 
in purfuing thofe fche.tnes, Aich confequences haVe 
arifen' as could not fail to difguft all but luch as were 
intoxicated with the deceit. Some, from their fond- 
nels to explain all things by mcchanifm, have been 
H 2 led 
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led to exclude every thing but matter and motion 
out of the univerfe : others, from a contrary difpo- 
fition, admit nothing but perceptions, and things 
which perceive ; and fomc have purfued this way of 
reafoning, till they have admitted nothing but their 
own perceptions. Others, while they overlook the 
intermediate links in the chain of caufes,- and haftily 
refolve every principle into the immediate influence 
of the firft caufe, impair the beauty of nature, put 
an end to our enquiries into the moft fublime part of 
trfiilofophy, and hurt thofe very intcrefts which they 
would promote. In framing thofe fyftems, he wJio 
has profecuted each of them fartheft has done this 
valuable fervice, that, while he vainly imagined he . 
improved or compleated it, he really opened up the 
fallacy, and reduced it to an abfurdity. Many who 
fuffered themfelves to be pleafed with Des Cartes's 
fable, were put to a ftand by Spinoza's impieties. 
Many went along with Mr. Leibnitz'^ fcheme of ab- 
fotute necefHty,' but demurred at his monads and 
fre-ejlablijbed harsiaity. And fome, willing to give 
up the reality of matter, could not think of giving 
up their own and other minds. 

The variety of opinions and perpetual difputcs 
amongfl: philofophers has induced not a few, of late 
as well as in former times, to think that it was vain 
labour to endeavour to acquire Certainty in natural 
knowledge, and to afcribe this to fome gnavoidable 
defeft in the principles of the fcience. But it has 
appeared fufficientiy, from the difcoveries of thofe 
who have confulted nature and not their own imagi- 
nations, and particularly from what we learn from 
Sir I/aac Newton, that the fault has lain in the phi- 
lofophers themfelves, and not in phiiofophy. A 
complete fyftem indeed was not to be expeded from 
one man, or one age, or perhaps from tiie greateft 
number 
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number of ages j could we have expelled it from 
the abilities of any one man, we furely fliould have 
had it from Sir IJaac Newton : but he faw too far 
into nature to attempt it. How far he has carried 
this work, and what are the molt important of his 
difcoyeries, we now proceed \q confidcr. 
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BOOK II. 

Of the theory of m$ticn» or raiional mecbimicj* 

CHAP. I. 
Of ffdct, time, matter^ andmottM. 



1, A S we are certain of bur'own cxiftence, anrf 
/\ of that of our ideas, by internal confci' 
X ^ oufnefs ; fo we are fatisfied, by the fame 
confcioufnefs, that there are Olyefts, powers, or caufes 
without us, and that ait upon us. For in many of 
our ideas, particularly thofe that are accompanied 
with pain, the mind muft be paffive, and receive 
the impreffions (which are involuntary) from exter- 
nal caufes or inftruments, that depend not upon us. 
"We eafily diflinguifli thefe objects into two general 
clalTes. The firlt is of thofe which we perceive to 
have a fpontaneiry, or ftlf moving power, and feveral 
properties and aftcftions fimilar to thofe of our own 
minds, fuch as reafoning, judging, willing, loving, 
hating, (^e. The fecond general clafs is of thofe 
in which no fuch affei3:ions appear, but which are fo 
far of a paffive nature, that ihcy never move of 
themfclvcs, neither, when they are in motion, do 
they ever ftdp without feme external influence. If 
one of thefe move out of its place, without the ap- 
pearance of a mover, we immediately conclude that 
this, is owing to fome invifible fl^Bk fo much arc 
we perfu^ded of its own inertia.^^^^: lay up one 
of thcin in any place, we ejcpen^Bid i( there at 
^^ 3ny 
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any dlflance of time, if no other powers' have had 
accefs to it. This paffive nature, or inertia, is what 
chiefly dHtinguiflies the fecond clafs of external ob- 
jefts, which is called body or matter ; as the former 
is called mind or fpirit. i 

z. How external objefb^ of ather clafs, aft upon 
' the mind, by produang fo great a variety df im- 
preOions or ideas, is not our bufinefs at prefenc to 
enquire : neither is it neceflary for us to determine" 
how exad or perfect th€ rcfemblance may be be- 
tween our ideas and the objcifts or fubftanccs they 
repretent. In our ideas which are repetitions of 
other ideas, we find very different degrees of rcfem- 
blance between them and thofe of which they are 
repetitions.. The idea we form in our im^ination 
of a perfon, place, or figure wAich we have often ~ 
fcen, has a much more perfeA refemblance to the 
impreflion wc receive from fenfe, than the idea wc 
are able in our imagination to form of pain, as to 
the fenfation we have felt of it. And as it is no 
objedlion againft the exiitence of the fouls of other 
men, that they may bc' very different from the no- 
tion or conception we may have formed Qf them ; 
fo it is no juft reafon againft admitting the exiftencc . 
of body, that its inward effence, ov fubjiratum, may 
be very different from any thing we know of it. 
It is, however, rating our ideas of external objects 
by much too low, to compare them to words or 
arbitrary' Qgns, ferving only to diftinguilh them from 
each other. For it is from our ideas of them thaC 
•we learn their properties, relations, and their in- 
fluences upon each other, and upon our minds and 
' thofe of others, and acquire ufeful knowledge con- 
cerning the m and ourfelves. For example, by com- 
paring aruJI^BKniiig our ideas, we judge of order 
and conf^^^Ricauty and deformity, fitnefs and 
V^F H 4 unBtnefs, 
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unfitncfs, in things. The ideas of number and pro- 
portion, upon Which fo ufeful and extcnfivc fciences 
are founded, have the &nie origin. 

3. The mind is intimately confcious of its own - 
afiivity in rcBcfting upon its ideas, in examining and 
ranging ihcm, in forming fuch as are complex from 
the morie limple, in reafoning from them, and in its 
ele^ions and determinations. From this, as well as 
from the influence of external objefts upon the 
mind, arid from the courfe of nature, it eafily ac- 
quires the ideas of caufe and efictft. When a 
figure defcribed upon a board produces a fimilar idea 
or impreffion on all thole who fee it, it is as natural 
to afcribc this to one caufe, as, when we fpeak to a 
numerous audience, the effeft of the difcourfe is to 

' be afcribed to us j tho* we may be unable to explain 
how the impreflion of the figure is communicated to 
the feveral fpeftators, or the difcourfe to the hearers. 
It were eafy to make many more remarks on the 
philofophy of thoie whofe principles would lead them 
to maintain, that externa) objeSis vary with our per- 
ceptions, and that the obje^ is always diliRrrcnt when 
perceived by different minds, or by the fame pcrfon 
at different times, or in different circumftances. It 
will not be expcifted from us that we ihould enter 
farther, in a treatifc of this kind, into the examina- 
tion of doftrines as fruitlcfs as they are extravagant. 

4. Body not only never changes its ftate of itfelf, 
in GoijfequcHce of its pafCve nature or inertiat but ' 
it alfo refifls when any fuch change is produced : 
when at reft, it is not put in motion without diffi- 
culty ; and when in motion, it requires a certain 
force to ftop it. This force with which it endea- 
vours to petfevere in its ftate, and r^hfi^Jsv change, 
is called its vis i/ttrtia ; and arifes Jt^K t ie inertia. 
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of its parts, being always proportional to the quan- 
tity of matter in the body ; infomuch that it. is hy 
this inertia only we are able to judge of the quantity 
of matter. And this judgment is well founded* 
becaufe we conllantly Bad that when w^ double or 
triple a body, or increafe or dimtnifh it in any pro- 
portion, we muft double or triple the force that is 
irquifite to move it with the fame celerity, or in- 
creafe or diminifh it in the fame proportion with the 
body. If the folid, uncompounded particles void, 
of pores, of equal bulk, have their inertia equaJ, 
then this mufl: be accurately true : but if matter be 
ef kinds fo different from each other, that the folid 
elementary particles of the one have a greater inertia 
than equal folid elementary prides of the other 
kind, then it is only when we compare thofe of the 
fame kind, that we can affirm the inertia to be pro- 
portional to the quantity of matter. Such different 
kinds of matter may exift for ought we know ; but 
it is by diminifhing or increafing the number, or 
dimenfions of the pores of bodies that they ate 
condenfed or rarified, according to our experience, 
and thereby (he infrtia of a given bulk increafed or 
diminiftied, 

5. Space is extended without limits, immoveable,, 
uniform and Qmilar in all its parts, and void of all 
refinance. It confifts indeed of parts which may be 
diftinguilhed into other parts. Ids and lefs, without 
end, but cannot be fcparated from each other, an4 
have their ficuatipn and distances changed, 

6. Body is extended in fpace, moveable, bounded 
by figure, folid, and impenetrable, refifting by its 
inertia, divifible into parts, lefs and lefs, without end, 
that may be feparated from each other and have their 
fjtuation or diftances changed in any manner. 

7. From 
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7. From the fucceflion of our own ideas, and 
from the fucceHive variations of exiemal objeds in 
the courfe of nature, we eadly acquire the ideas of 
duration and time, and of their meafures. We con- 
ctive true or abfolute time, to flow uniformly in an 
unchangeable courfe, which alone lerves to meafure 
with exactncls the changes of all other things. For 
unlefs we correfl: the vulgar mcafiJrcs of time, which 
are grofs and inaccurate, by proper equations, (as in 
predifting the eclipfes of the latcllites of Jupiter, and 
moit other agronomical phenomena) the condu- 
fions are always found inaccurate and erroneous : 
and however various the fiux of time may appear to 
different intclledu^ beings, it cannm:, at leall:, he 
thought to depend upon the ideas of any created 
being. Time may be conceived to be divided into 
fucceiCve parts that may be lefs and lefs without end -, 
tho', with refpeft to any one particular being, there 
may be a leaft fcnlible time, as well as a mnmum 
finJihiU in other magnitudes, 

• 

8. Motion is the change of place -, that is, of the 
part of fpace which the body occupies, or in which 
it is extended. The motion is real or ahfelute, when 
the body changes its place in abfolute Ipace. It is 
called relative, when the body changes its place with 
relation only to ambient bodies; and it is apparent 
motion, when the body changes its fituatron with 
refpedt to other bodies that appear to us to.be at rell. 
The parts of abfolute fpace not being the objcfls of 
our fenles, ic is one of the great difficulties in philo- 
fophy to diftinguifh which motions are true and real, 
and which are apparent only. However, philofo- _ 
phers by proper care are often able to effeft this, by 
arguing juftly from the caufcs of the motion when 
known, or from their properties and effe^s, " A real 

4 ciccular 
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circular motion, for example, is always accompa- 
nied with a centrifugal force, arifing from the ten- 
dency which a body always has to proceed in a fight 
hne. Thua, from the centrifugal force which, ac 
the aequator, diminiflies the gravity and retards the 
motion of the pendulum, io that it moves more 
llowjy there than towards either pole, we have a 
proof of the earth's diurnal rotation on its axis. At 
the fame time, the diurnal revolution of the hea- 
venly bodies about the earth muft be apparent only; 
fince if it was rfcal, an immenfc centrifugal force 
would thence ariie, which could not but dilcover it- 
feif ; bccaufe they move in free fpaces, and the fo- 
Jid orbs have been exploded upon the moft evident 
grounds. 

9. I know that fome metaphyfictans of great cha- 
rafter condemn the notion of abfolute fpace, and ac- 
cufc mathematicians in this of realizing too much 
their ideas : but if thofc phtiofophers. would givedue 
attention to the phxnomena of motion, they would 
fee how ill grounded their complaint is. From'the 
obfervation of nature, we all know that there is mo- 
tion i that a body in motion perfevercs in that ftate, 
, till by the aftion or influence of fome power it be 
necellltated to change it ; that it is not in I'elative or 
apparent motion in which it pcrfeveres, in confc- 
qucnce of its inertia, but in real and abfolute motion. 
Thus the apparent diurnal motion of theftars would 
^cafe, without the Icaft power or force afting upon 
them, if the motion of the earth was ftopt ; and if 
the apparent motion of any ftar was deftroyed by a 
contrary motion imprefled upon it, the other celeftial 
bodies would ftill appear to perfevere in their courfe, 
the centrifugal force at the sequator would ftill fub- 
fift, with the fpheroidical figure of the fluid ocean ; 
the confequences of tlie real motion of the earth 

upon 
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upon its axis. They who are not well acquainted 
with the theory of motion, more calUy allow that a 
body at reft continues at reft, in confequence of its 
pafTive nature or inertia,- than that when in motion 
It continues in motion : but this pcrfeverance of a. 
body in a ftate of reft can only take place with re- 
lation to abfolutc fpace, and can only be intelligible 
by admitting it. When a topp turns upon a fmalt 
pivot, its circular motion will continue fmooth for a 
Jong time, but any body placed upon its furface does 
not continue in that place, but immediately flies off". 
■When a fhip moves fteadily, any body placed in the 
cabin continues in its place, as if the whole was at 
reft 1 but when the motion of the fbip is ftopt, the 
body flies off in the direftion of its former qiotioa ; 
for, in confequence of its inertia, it endeavours to 
perfevere, hot in its ftate of reft in the fliip, but in 
its ftate of motion or reft with regard to abfolutc 
fpace. It were eafy to enlarge on this fulgcft, and 
to ftiew that there is no explaining the phenomena 
of nature without allowing a real difttn^tion between 
true, or real, and apparent motion, and between ab- 
folutc and relative fpace. Whatever thofephiiofo- 
phers may pretend, we have no clearer idea than of 
fpace ■, and tbo* Ibme puzzling difputes may arife in 
fome of our enquiries concerning it, this is what we 
meet with in all our enquiries into nature i our know- 
ledge of which we ought to take care to have as 
clear and well founded as poffible, tho' it is in vain 
10 pretend to make it complete and perfe^ j as we 
obftrved in the firft book. 

- lo. Body being diftinguilhed from fpace by its 
vis inertia or refiftance, it is an obvious fu^;cftion 
of comn^on fenfe that alt fpace is not equally full of 
matter-, and it is the refult of philofophical enqui- 
rtes> that the folid tnatter in the dei)feft bodies bears 
aftnaU 
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> fmall proportion to their whole bulk. The rays 
of light find a paOagc through a glafs globe in ali 
direftions, which argues the great rarity of the 
globe, as well as the fubtility of light. The f^me 
is to be faid of the magnetic and eledric effluviat 
and of the fubtile matter that pervades the pores of 
bodies with great freedom in chymical experiments. 
As for thofe fluids which philofophers have invented, 
in order to replenifli the pores of bodies, fo as, to 
exclude a void out of the univerle, we made fbme 
obfervations upon them in the Brft book ; and wc 
may have occafion afrcrwards to Ihew how impi'oper 
they are for accounting for the phznomena which . 
-have been afcribcd to them. 

II. Space and time ferve to meafure each other, 
reciprocally, by motion : time ts in a perpetual flux 
and perilbing ; but a reprefentation of it is preferved 
in the fpace defcritied by the motion. When the 
■fpacc flows as the time, that is, when equal parts of 
fpace are defcribed in any equal parts of the time, 
then the motion is uniform, and the velocity is con- 
Aant or unvaried during the modon. When the 
parts of fpace, defcribed in any equal fucceflive parts 
of the time, continually increafe, the motion is ac- 
celerated 1 and when thofe parts of fpace continually 
decreafe, the motion is retarded. In general, the 
velocity of motion is always meafured by the fpacc 
that would be defcribed by that motion continued 
uniformly for a given time. Jt is obvious that the 
fpaCc, defcribed by an uniform motion, is in the 
compound proportion of the time and velocity of 
the motion : but in general, let a b, {Fig. i.) the 
bafe of a flgure, reprelent the time of a motion, and 
the ordinate or perpendicular p M, at any point p of 
the bafe, meafure the velocity at the correfponding 
term of time, (that is, the fpace wliich would be 
dekribcd 
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defcribed by the motion continued uniformly from 
that term for a given time) then the area of the 
figure A B D fo formed will meafure the fpace de- " 
fcribed by the motion, in the time reprefented by the 
bafe A B. Thus a reftangular parallelogram feryes 
to meafure the fpace defcribed by an uniform mo* 
tion, the time being reprefciited by the .bafe, and the 
conftant velocity of the modon by the perpendicu- 
lar. The fpace defcribed by a motion which is uni- 
formly accelerated (the velocity of which increafes 
uniformly as the time, that is, receives equal aug< 
inents in any equal fucceHive parts of time) is repre- 

. fented by a triangle ; the time being reprcfcnted by 
the bafe, and the increafing velocity by the perpen- 
dicular, which increafes in the fame proportion as 
the bafe. Becaufe the triangle is the half of a paral- 
lelogram of the feme bate and altitude, the fpace 
defcribed by a motion uniformly accelerated, during 
any time, from the beginning of the motion, is one 
half of what would have been defcribed if the mo- 
tion had been uniform, and the velocity had been 
the fame as is acquired at the end of that time. 
Becaufe (imilar triangles arc as the fquares of their 
analogous Ades, the fpaccs defcribed by a motion 
uniformly accelerated, being meafured by fuch tri- 
angles, are as the fquares of the- times from the be- 
ginning of the motion ; or as the fquares of the ve- 
locities acquired at the end of thofe times. The 
fpaccs defcribed by motions uniformly retarded arc 

" meafured in the fame manner ; only the times and 
velocities are to be taken in a contrary order, till the 
extinftion of the motion. In other cafes, the fpaces 
are meafured by curvilinear areas. And becaufe 
there are areas whofe ordinares decreafe, in fuch a 
manner, that tho' the figure be produced indefinite- 
ly, the area never amounts to a certain finite (pace ; 
it appears that the velocities of a retarded motion 

may 
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may decreafe in fucli a manner, that, ttio* the mo.- 
rion was continued ever fo long, yet the fpace de- 
fcribed by it fliould not exceed any certain given 
line. For example, if the velocity during the firft 
hour be double of what ic is in the fecond hour, ahd 
this be reduced to Us half in the third hour, and fo 
on for ever, then the fpace defcribed by this motion, 
tho* it was to continue for the grcateft number of 
^es, will never amount to the double of the line, 
defcribed in the firft hour. 

12. The quantity of motion in a body being the 
■fum of the motions of its parts, is in the com- 
pounded ratio of its quantity of matter and of the 
■velocity of the motion. If the body a, of a quan- 
tity of matter reprefented by 2, moves with a velo- 
city reprefenced by 5, and the body b, reprefented 
by 3', moves with a velocity reprefented by 4 ; then 
the quantity of motion of a, fliall be to the quan- 
tity of motion of B, in the compounded ratio of 2 
to 3 and of 5 to ^.^that is as 2 x 5 to 3 x 4, or as 
10 to 12. There appears to be no ground for 
making a diftinftion between the quantity of motion^ 
and the force of a body in motion ■, as all the power 
or aftivity of body arifes from and depends upon its 
motion. We are not, however, to expcft that all 
. the effefts of the motion of bodies ftiould be pro- 
portional to the quantity of motion, unlcfs a due 
regard be had to the time of the motiqn, and to the 
direflion in which it- afts, according to the true 
principles of mechanics. A body, in confequence 
of its uniform motion, defcribes a certain fpace in a 
certain time ; but there is no fpace fo great thit may 
. not be defcribed by it, if the time be not limited. 
When a body adts upon another body, the ciFe61: is 
very different according to the diredidn in which it 
afts. How neceflary it is to have regard w thefc. 
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n determining the effects of the motions and a&ions 
of bodiesi will appear more fully in the next 
chapter. 

1*. "When a body tends to move, but is hindered 
by fome obftacte, this tendency is called prejfuri. 
It is not to be compared with the force of a body 
in motion, rto more than a line is to be compared 
with the rectangle that is generated by it. Of this 

^ kind is the gravity of a twdy that refts and prefles 
upon a tabk, or of water upon the bottom of a 
veflcl, or of air upon the fails of a Ihip. When the 

' obftacle is removed, the continual action of the pref- 
fure generates motion in the body, in any finite time. 
Thus gravity accelerates the motion of fallii^ bo- 
dies, by afting inceflantly upon them. When an 
orifice is opened in the bottom of a vefTel, the pref* 
fure of the fluid accelerates the motion of the iffuing 
water, and, in an exceeding lictle time, brings its 
velocity to a height. When the wind afts upon the 
fails of a Ihip, it accelerates her motion for fome 
time, till the refiftancc of the water (which increafcs' 
with the incrcafing velocicy of the Ihip) ballances 
the aftion of the wind ; after which her motion be- 
comes uniform. In thefe, and all fuch other in- 
Aances, the motion begins from nothing ; and it is 
in confequence of the continual incefTant a£tion of 
tht power or preffure, that the velocity, generated 
in any finite time, is finite. If we were to fuppofc 
that each aftion of the power produced a finite aug- 
mentation of velocity, the motion acquired in the 
leaft finite time would be infinite, or furpafs any 
aflignable velocity ■■, as we have demonltrated clfc- 
wherc *. 

• See the Treatife of Flaxiani, % 44. 
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14. Gravity is the beft known to us of all thofe 
powers or preflures. Becaufe all bodies dcfcend with' 
equal velocity in a void, the gravitj' of bodies mud 
be proportional to their quantity of matter; and de- 
pends not upon the Bgure or texture of the parts, 
but upon their folid matter only. This is evident by 
experiments of the motion of pendulums, made 
with the greateft cxa<Etnefs. For when the lengths 
of the pendulums are equal, bodies of very difFerenc 
bulks, and different internal and external texture^ 
perform their vibrations in times cxaftly equal in 
equal arcs, keeping always pace together, and ac- 
quiring always equal velocities ac the cdrrefpondlng, 
points of thofc arcs, unlef? fo far as the refiftance of 
the air adts upon them unequally. In the common 
bufinefs of life, the quantity of matter of bodies has 
been always meafured out by their weight ; tho' the, 
influence of the air is various in its different ftates, ' 
and renders this mcnfuration l^mewhat unaccurate in 
things of great value. Though the gravity of bodies 
really arifes from their gravitation towards the feveral 
parts of the earth (as will appear afterwards) yet, 
becaule this power afts around in all parts, and its 
direftion is nearly towards the centre of the earth,, 
it is therefore called a centripetal force. We fliall, 
afterwards Ihew that fimilar centripetal forces tend 
to the fun and placets. Thefe forces are of three 
kinds : the ahfeluie force is meafiired by the motion 
that would be produced by it in a given body, at a 
given diftance. For example, the abfolutc centri- 
-petal force tending towards the fun is to that which 
tends towards the earth, as the motion which would 
be produced by the force tending toward the fun in 
a given body, at a given diftance without the fun's 
body, is to the motion which would be produced by 
the force tending towards the earth in an equal body, 
at an equal diftance from it. As when we compare 
I titt 
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the forces of two magnets, we muft compare their 
cSe&& at equal dlltances ; (a when we compare the 
abfolute forces which tcjid to the central bodies, the 
comparifon cannot be joft unlcfs it be from effe£ts 
produced when the circumftanccs are alike. 

The fecond fort of centripetal force is the accelf- 
rdting force, which is meafured by the velocity gene- 
rated by it in a given time, and is different at diflfer- 
ent diftances from the fame central body, but de- 
pends riot on the quantity 6f matter of the body that 
gravitates, being equal in all forts of bodies at equal 
diftances from the centre. The third fort is the 
weight, or the vis motrix, and- is meafured by the 
quantity of motion that is generated in a heavy body 
in a givep time ; and differs from the accelerating 
force in the fame manner as motion differs from 
Velocity. 

15. Becaufe the power of gravity is fo well known 
tp us, when we enquire into other powers, we en- 
deavour to compare them with that of grawity, and 
to determine their proportion. We find a great 
Variety of powers analogous to it in nature ; fuch as 
that by which the particles of fluids form themfelves 
into drops j that by which the parts of hard bodies 
cohere together; that by which the rays t>f light, in 
entering into water or glafi, or into any medium of 
a greater rcfradlivc power, are conftantly bent to- 
wards the perpendicular, and when they are incident 
upon the farther furface of the glafs, with a fufficient 
obliquity, are all turned back imo the glafs, though 
there be no fenfiblc medium behind the glafs to ■ re- 
flefl: it i in the lame manner as a heavy body pro- 
jeded obliquely upwards is bent into a cufve, and 
brought back to the earth again ty its gravity. 
Thclc, and many other powers in nature, have an 
analogy 
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analogy to gravity, but extend to lefs diftances, and ' 
obferve laws fomcwhat di&rent. - It has been found 
very difficult to account for them mechanically. For 
this purpole, fome have Imagined certain effluvia to 
proceed from bodies^ or atmofpheres environing 
them ; others have invented variites -, but all their 
attempts have hitherto proved unfatisfaftory. Thac 
fuch powers take place in nature, and contribute to 
produce its chief phfenomena, is moft evident ; but 
their caufes are very obfcure, and hardly accelfible 
by us. In all the cafes when bodies feem.to aft upon 
each other at a dillance, and tend towards one an- 
other without any apparent caufe impelling them, this 
force has been commonly called attrailion -, and this 
term is frequently ufed by Sir Ifaac Newton. But he 
gives repeated cautions that he pretends not, by the 
ufe of this term, to deifine the nature of the power, 
or the manner in which it a£ts. Nor does he ever 
affirm, or infmuate, that 4 body can a6t upon an- 
other at a diftance, but by the intervention of other 
bodies. It is of the utmoft importance in philofo- 
phy to eftablifh a few general powers in nature, upon 
unqucftionable evidence, to determine their laws, 
and trace their confequences, however obfcure the 
caufes of thofe powers may be ; and this he has dono 
with great fuccefs. 

16. But however commodious the term attraElian 
may be, to avoid an ufelefs and tedious circumlocu- 
tion, yet becaufe it was ufed by' the fchool-mcn to 
cover their ignorance, the advcrfaries of Sir Ifaac 
Newton's philofophy have taken an uojuft handle 
from his ufe of this term, after all his precautions,- 
yo depreciate and even ridicule his doftrines ;' by 
which they only convince us that they neither under- 
ftand them, nor have impartially and duly confi- 
dcred them. IMr. Leibnitz made ufe of this fame 
1 2 term. 
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term, in the fame fenfe with Sir Ifaac N^ien, before 
he fet up in oppofition to him ; and it is often lo be 
met with in the writings of the moft accurate philo- 
fophers, who' have ufed it without always guarding 
againft the abufe of it, as lie has done. A term of 
■ art has been often employed by crafty men, with too 
much fticcefs, to raife a diflike againft their oppo* 
nents, and tniGead the unwary, and to difgufl them 
from enquiring into the truth j but fuch difingenuity 
is unwonhy of philofophers. No writer hath ap- 
peared againft Sir Ifaac Ntwicn^ of late, by whom 
this argument, tho' altogether groundlefs, is not in- 
fifted on at' great lengths -and fometimes adorned* 
with the embfllifhmcnts of wit and humour; but 
if the reader will take the trouble to compare their 
defcriptions with Sir Ifaac Newto^s own account, he 
will eafily perceive how little it was minded by them ; 
and that the fum of all their art and (kill amounts' 
to this only, that they were able to cxpofe a creature 
of their own imagination. Poffibly feme unflcilfbl 
men may have fancied that bodies migiit attract each 
other by fome charm or unknown virtue, without 
being impelled or aftcd upon by other bodies, or by 
any other powers of whatever kind ; and feme may 
have imagined that a mutual tendency may be. ef- 
fential to matter, tho' this is direftly contrary to the 
inertia of body defcribcd above ; but furely Sir 
.5^111: Newton has given no ground for charging 
him with cither of thefe opinions : he has plainly 
fignified that he thought that thofe powers arofc from 
the impulfes of a fubtile lethcrial medium that is 
<liffufcdt)ver the univerfe, and penetrates the pores' 
of grofler bodies. It appears from his letters to 
Mr. Soyle *, that this was his opinion early ; and if 

• See the life of Mr. SoyU premifed to the late complerc 
edition of his worki. > 

he 
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he did not publifli it fooner, it proceeded from hence 
only, chat he found he was not able, from, experi- 
ment and obfervation, to give afatisfaftory account 
of this medium, and the manner of its operation, 
in producing the chief phenomena of nature. They 
who imagine that he has only introduced a new 
phrafe or two into philofophyi without ahy real 
benefit, may be eaiily fatisfied of their miftake, if 
they wilt but confider with what evidence he has 
tefolved the chief phenomena of the fyftem of the 
world from thofe powers i how he has computed 
the quantity of matter- and denfity of the fun, and 
of fcveral of the planets, -from them ; how nearly 
Ke has determined the motion of the tudes of the 
moon, from its caufc 1 and explained many of her 
irregularities, and the other motions of the fyftcm. 
But we have infifted upon this perhaps at too great 
length i for as no philolbpher fcruples to fay that 
the magnet ^ttra^s iron, and that ele£tric bodies, 
when their virtue is raifed by fridion, attrad' light 
fubftances; it muft be allowed to be at leaft as 
juftifiable an expreflion, or even more unexception- 
able, to lay that the earth aitrafb heavy bodies to- 
wards it i lince all of them defcend towards it with 
forces proportional to their quantity of matter, at 
equal diftanccs from it ; and this power extends to 
all diilances, varying according to a certain known 
Jaw. 
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^_ ' always perfeTerR in its ftate of ffcft, or 
'• of uniform motion in a right line, till by fome 
** external influence it b* made to change its ftate." 
That a body of iifelf perieveres in its ftate of reft, 
is matter of moft common and general obfervation, 
and is what fuggefts to ui the paffive nature of body: 
but that it likewife, of ilfeif, perieveres in its ftate 
of motion, as well as of reft, is not altogether fo 
obvious, and was not underftood, for fome time, by 
philofophers rhemfelves, when they demanded the 
caiifc of the continuation of motion, It is rafy, 
however, to fee that this laft is as general and con- 
ftant a law ot ftatnre as the firft. Any motions we 
produce,^ here on the earth, foon languifh and at 
length vanifti > whence it is a vulgar notion, that in 
general, motion diminifhes ahd tends always toward 
reft. But this is owing to the various refiftanccs 
which bodies here meet with in their motion, efpe- 
cially from friflion, or their rubbing upon other 
bodies in their progrefs, by which their motion is 
chiefly confumed. For when, by any contrivance, 
this friftion is much diminilhed, we always find that 
the motion continues for a long time. Thus, when 
the fiiftion of the" axis is leflened by friftion wheels 
applied to it, and turning round with it, the great 
wheel willfomctimes continue to revolve for half an 
hour. And when a brals topp moves on a very , 
JTmall pivot on a glafs plane, it will continue in mo- 
tfon very fmoochly for ^ great number of minutes. 
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A penflalumVfufpended m an advantageous manncf; 
will tibrate for a great while, notwichftanding th^ 
tefiftince bf fhe air. Upon the whole, it appears, 
that, if (he friftion and other rcfiftanccs Could btS 
taken quite awa^, the motions would he perpetual. 
But what fets this iit the cleareft light, is, that a 
body pHctd on the deck, or in the cabin of a (hip, 
contmties there at reft while the motion of the fliip 
rettialns uniform and fteady ; and the fame holds of 
a body that is^ carried along in any fpace that has, 
ftfelf, an uniforiti motion in a right line. For if a 
body in motion tended to reft, that which is in thft 
cabin of a Ihip ought to fall back towards the ftern, 
which woold appear as furprizing, when the motion 
of the fliip is uniform and fteady, as if the body 
flrould, of itfelf, more towards the ftern when the 
fhip is at reft, It is for this rcafon that the uniform 
motion of the earth upon its axis has no effeft on the 
motion of bodies at the furface ; that the motion of - 
a (hip Carried away with a current is infenfible to 
thofc in the (hip, unlefs they have an opportunity to 
drfcovcr it by objects which they know to be fixed, 
.as the Ihbres, and the bottom of the fca, or by aftro- 
nomtcai obfervations j and that the motions of th6 
planets and comets, in the free celeftial fpaces, re- 
quire no new impulfes tO'perpetuate them. 

2. It is a part of the fame law, that a body never 
changes the dire£tion of its motion, of itfelf, but by 
fome external influence only j and it is as natural a 
confcquencc of the paffive nature of body, as that 
it never changes its velocity of itfelf. As body has 
no lelf-motivc power, or fpontaneity, if it was to 
change its dircftion, how could it determine itfelf to 
any one direition rather than to another ? This 
part of the law is likewife conlirmed by conftant ex- 
perience. If upon any fmooth plane a globe of an 
, 1.4 uniform 
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uniform texture be prtge^d, it proceeds always in 
i right line, without turning to either fidej till its 
inotion be extinguifhed by the fridion of the plane 
and refiftance of the air. It is true, that, in certain 
cafes, a ball proceeds upon a billiard table firil in a 
right line, and afterwards, returns of icfelf a little 
way in the fame right line -, but this arifes from the 
ball's having a motion upon its axis, with adire&ion 
contrary to that of its progrcffive motion on the 
table which when the progrcflive motion is deftroyed 
by the friiflion, brings the ball back again, till 
fhis motion is likewile deftroyed by the fame fric- 
tion. When a ball is projedled in the air, its gra- 
vity indeed bends its motion into a curve,, but it 
continues to move in the plane of its firft projeflion 
perpendicylar to the horizon, without turning to 
either fide of that plane } unlefs in fome calcs, when, 
becaufe of its motion upon its axis, the rcaftion of 
the air makes it deviate fomewhat from it. If bo- 
dies changed the direftion of their motion of them- 
jclvcs, they could not continue at reft in a fpacc 
that is ctfrricd uniformly forward in a right linej as 
they arc always found to do. As body, therefore, 
is paffive in rece|ying its motion and the direction of 
its motion, fo it retains them or perfcvcrcs in them, 
without any change, till it be afted upon by fome- 
thing external. This law is now generally received 
Vpon the beft evidence, but was not clearly under- 
ftood even fo lately as in Kepler's time, as appears 
by the, account we gave of his doflrines in the firft 
book. From this Taw it appears, why we enquire 
not, in philofophy, concerning the caufc of the con- 
tinuation of the reft cf bodies, or of their uniforpi 
motion in a right line. But if a motion begin, or ' 
if a motion already produced is either accelerated or 
retarded, or if the direflion of the motion is altered, 
an enquiry into the power or caufe that produces 

this 
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this change is a proper fub^cA of philorophy : the 
chief bufinefs of which (as Sir Ifaac Newton obferves) 
is to difcoverthc powers that produce any given mo- 
tions ; or, when the powers are given, to trace the 
motions that are produced by them. 

3. The fccond general law of motion is, " that 
«• the change of motion is proportional to the force 
*' imprefled, and is produced in the right line in 
*' which that force afts." Thus when a motion is 
accelerated, as that of a heavy body ddcending hi 
the vertical line, the acceleration is proportional to 
the power that aAs upon the body. - If a body 
defcend along an inclined plane, the acceleration of 
the motion along the plane is proportional not to the 
total force of graWty, but; to that part only which 
ads in the diredion of the plane, as will better ap- 
pear when we come to treat of the refotution of mo- 
tion. When a fluid ads upon a body, as water or 
air upon the Vanes of a mill, or wind upon the fails 
of a ihip, the acceleration of the motion is not pK>- 
portional to the whple force of thofe fluids, but to that 
part only which is iniprcfled upon the vanes or fails, -, 
which depends upon the cxcefs of the velocity of 
the fluid above the velocity which the vane or fail 
has already acquired : for if the velocity of the fluid 
be only equal to the velocity of the vane or fail, it 
juft keeps up with it, but has no efled either xo ad- 
vance or retard its motion. 

- It is, at the fame time, of the utmoft importance 
to have regard to the diredion in which the force is 
imprefl*ed, in order to determine the change of mo- 
tion produced by it. It would be very erroneous to 
fuppole that the acceleration of the motion of the 
Jhip, in the diredion in which flie fails, is propor- 
tional to the force imprefled when it ads obliquely 

upon 
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upon the fail, or when the pofition of the fail is ob-' 
lique to the dire^ion in which 'the Ihip moves. 
The change of her motion is firft to be eftimated iti 
the diredtion of the force impreBed, and thence by 
a proper application of mechanical an^ geonKtrical 

Erinciples, the change of the motion of the fliip in 
er own direftion is to be derived. When gravity 
Of any centripetal force afts upon a body, moving 
with a dircftion oblique to the right Bnc drawn fmrtt 
it to the center, the change of its,moti6n b not pro- 
portional to the whole centripetal force which aftj 
upon it, but CO that part only, which, after a juft 
refoludon of the force, is found to i^ in the dii^c- 
tion (rf its motion. It appears from thefe inftances, 
of how extenlive an ufe thefe general laws are in the 
doftrme of motion. 

4. The third general law of mdtiMi is, *• that 
** aSioH and reaSion are equal with oppofite direc* 
** ttons, and are to be eftimated always in the fame 
•* right line." Body not only never changes its ftate 
of iifrlf, but refifts, by its inertia^ againft every 
aftion that produces a change in its moUMi. Wiien 
two Ixxiies meet, each endeavours to perfcvere in its 
ftate and refifts any change ; and becaufe the chang*- 
which 13 produced in either may be equally meafured 
by the aftion which it eKerts upon the odier, or by 
the refinance which it meets wirfi from it, it follows , 
that the changes produced in the motions of each 
qrc equal, but are made in contrary directions. 
The one acquires no new force but what the other 
Ibfcs in the fame direftion ; nor does this laft lofe any 
force but what the other acquires 1 and, hence, tho' 
by their collifions, motion paffcs from the one to the 
other, yet the fum of their motions, eftimated in a 
given direftion, is preferved the fame, and is unal- 
terable by their mutual actions upon each oUier. In 
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coUcAiflg this fum, motions that have contrary dn 
rtftions are to be affisfted with contrary figns i A 
motion eaftward i* contrary to a motion wcftward ; 
fo that if the motiOhs are fummed up as having t 
weftern difeftlofl, a motion eaftward is to be confi- 
dered as n^ilive, or to be fubduAcd from the reft. 
In this manner, this law ferves to render the firft law 
tiiore gentnl, and to extend it to any number of 
bodies j fOi' as, by the firft law, a body perieveres ift 
its fiate «f rt&i or of uniform reftilincfir motion, 
till fonie external inBuence aSeA it i fo it fc^ows 
- from this law, « that the fum of the motions erf 
** any number' of bodies eftimated in a given di- 
'* reilion, perieveres the fame in their mutual ac- 
*' dons and colliftons, till fome external influence 
** difturb th«m." 

5. The truth of this third law appears from ma- 
' niftdd expCf imenu, in the colhfions of bodies of alt 
kinds. But the meaning of it leems to have been 
miftaken, in feveral inftances, by mgenious men ; 
which k is fteceflary for us to guard againft. They 
who maintain the new opinion concerning the force* 
of bodies, meafuring them by the compounded pro- 
portion of the quantity of matter and the fquare of 
the velocity, found it impoflible to explain the 
actions end cotltfions of bodies of a per^<5t hard- 
nefs> void of all elafticity, confiftcnily with this ' 
doArine. Therefore, in order to get rid of them, 
fome pretended that it is abfolutely impoffible fucJl . 
bodies fhould exift, upon grounds the wcakneft of 
which Wis fliewn in the firft bocA j while Others 
contented themfelves with obferving that they knew 
of no fuch bodies in nature, and thought this a fuffi-" 
cient excufe for giving no account of their collifions; 
tho' at the fame time they treated largely of bodies 
pf a perfefl ct^icity, none of which are to be met 

with 
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with in nature ; and we have much better reafon to 
conclude that there are bodies of a perfed: haidne^, 
than of a pcrfeA elafticity ; becaufe we cannot but 
fuppofc the ultimate elementary particles of bodies 
that are void of all pores, or atoms, to be perfediy 
hard or inflexible, fo as not to yield in the ordinary 
aftions and ct^ifions of bodies. But after all this 
art in fcreening their favourite opinion, the difficulty 
itiU recurred in explaimng the collifioDS of foft bo- 
dies ; and fome farther new invention was requilite 
to reconcile the phenomena , with their do^rinc. 
For if a foft body, with the velocity «, ftrikes an- 
other equal quicfcent fbft body, they will proceed as 
in one ma^ with the velocity 4- «* dividing the mo- 
tion of the firft body equally between thenii in con- 
fequence of the third general law of motion. Ac- 
cording to the new opinion, the force ■ of the firft 
body before the ftroke was u.«, the ^rce of each of 
them after the ftroke is ^ux^aor .^itui and the 
fum of their forces after the ftroke is^uu i fp that 
the fum of the forces, after the ftroke, is only one 
half of what it was before the ftroke, while "the 
quantity of motion is preferved the fame as it was, 
without any change. Now the difficulty was, how 
to acjcount for the lofs of one half of the force of the 
firft body in the ftroke : for this purpofc, they ad- 
vanced, without any other proof, this new dodrine, 
that when the parts of foft bodies yield without re- 
ftoring themfelves, being void of elafticity, a cer- 
uin quantity of force is loft In the comprelTion of 
their parts by the collifton -, whereas we know no way 
by which force is loft in one body, but by its being 
communicated to another. The parts of foft bodies 
arc indeed moved out of their places, in the colli- 
fion, and fome motion is loft in the hrft body by 
being communicated, in this manner, to th^ parts 
of the fccond > but thefe parts cannot lofe this mo- 
tion 
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tion otherwife than by communicating it to otlier 
parts, or by its accruing to the whole body ; fo that, 
there is no juft reafon for fuppofing thatany motion 
or force is loft in flattening or hollowing of foft bo- 
dies, in their collifions ; and this new tenet is in- 
vented merely to fcrve a partitcular purpofe. 

6. The moft learned and ffcilful advocate for this 
new doflrine appears to have greatly miftaken this 
third law of motion, when he tells us that the pre> 
lervation of the fum of the abfolute motions of bo- 
dies, in their collifions, is fp immediate a confequence 
of the equality of a£fion and reaSioHt that to en- 
deavour to prove it would only render it more ob- 
fcure, the augmentation or diminution of the force 
of the one (fays he) being the neceilary confequence 
of the diminution or augmentation of the force of 
the other. Now it is plain that this third taw of 
motion is general, extending to bodies of all kinds ;, 
and it is well known that when foft bodies meet in, 
oppofite direfttons, the fum of their abfolute mo- 
tions or forces is diminlfhed ; and when the bodies 
are equal, and their velocities likewife equal, it is 
totally deflroycd by their collifion. It is not the 
fum of the abfolute motions or forces of bodies, but 
this fum eflimated in a given dire&ion, that is pre- 
ferved unaltered In their collifions, in confequence of 
this third law of motion : nor can the prefervation 
of the fum of the abfc^ute forces of any fort of bo- 
dies be confidered as an immediate confequencJe of it. 
On the contrary, the fum of the abfolute motions 
of even perfeftly elaftic bodies is fomctimes in- 
crcafed, and in fome cafes diminilhed, by their .col- 
lifions i fo that a proof was neccfTary that the fum 
of their abfolute forces (in whatever manner thofe 
forces arcmeafured) is preferved unalterable, in their 
coliifion ■, efpectally fuice this fum^ according to his 

own 
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own doftrine^ undei^oes an InBnite variccjr x>f 
changes, during the fmal) time in which the bodies 
aft upon each othw, while the pam firft yield and 
then reftore themfelves to their former fituations.. 

7. The fame philofophers. miftake this third Uw, 
or a moft efTential part of it, when they meafuFC 
a£tion and rea£Hon on difierent right lines. In a 
celebrated argument which they adrance ibr their 
new doArine concerning the forces of bodies, and 
which is much applauded by thofe who favour i^ 
tiiCf Ihew that a body with a velocity as 2, is able to 
bmd and overconK the refiftance of four fprings, 
one of which alone ii equivalent to the force of the 
fame body moving with a velocity as i ; 6*0111 which 
they infer that, in the former cafe, the force is qua- 
druple, tho* the velociry be only double of what it 
is in the latter cafe. In like manner, becaufe a body 
moving with a velocity proportitmal to the diagonal 
of the reftanglc is able to ballance the refiftance of 
two fprings proportional to the fides of the fame 
reftangle, they thence infer that the force of a body 
moving with a velocity as the diagonal is equal ta 
the fum of the forces of two bodies moving with 
velocities proportional to the fides of the reftangle ; 
and, .becaufe the fquare of the di^onal is equal to 
the fum of the fquarcs of the two fides, they thence 
infer that the forces of equal bodies are as the fquarcs 
of tbtnr velocities. But in all thefe arguments 
(which are the moft plaulible of any that Iwvc been 
offered for their new dodtrine, and are inoft apt to 
miflead their readers) ihey do not confider that the 
force which one body lofes, in afting upon another, 
is not equal to that which it produces or deftroys in 
the other, eftimated in any dipcdtion at pleafurc, but 
in that only in which the firft body afts ; ar^d that 
body, in confequence of its inertia, not only refifts 

any 



nyn,-f.rihy'GOOgle 



Chap. 2. Philos<»hical Discoveries. 127 

any chaage in its quantity <tf motion, but likewife 
any change in the direction of its motion. If any 
planet revolves in a circle, the gravity of it towards 
the centre is employed, during the whole revolution, 
in changing the dircftion of its motion only, with- 
out producing the leaft augmentation or diminution 
of the motion itfelf. But thefe things will more 
eafily appear after we have treated of the compofi- 
tirai and rdblution of motion : we only c^erve here, 
that, in order to fupport their favourite dodrtne, 
they embarrafs the plain, limple and beautiful theory 
of motion^ in fomc cafes by neglefting the rime, 
and in othei^ by confounding the direAions in which 
bodies a£t upon each odier, or upon fprings } while 
alt the valuiUilc confequences which they pretend to 
draw from this doctrine follow more naturally, and 
in a fatisfadory manner only, from the laws of mo- 
tion rightly jinderftood and applied. 

8. Our author's firft corollary, from the laws of 
motion, is, that when a body is a&ed upon by two 
forces at the fame time, it will defcribe the diagond, 
by the morion refulting from their compofitjon, in 
the fame time that it would defcribe the fides of the 
parallelogram by thofe forces afting feparately. Let 
the body A {Fig. 2.) have a motion in the dire&ioni 
A B, reprefented by the right line a a, at the fame 
time let another mMton be communicated to it In 
the diredion a d, reprefented by the right line a D ; 
complete the parallelogram a b c d ; and the body 
will proceed io the diagonal a c, and d^cribe it in 
the fame time that it would have defcribed the fide 
A B by the fitft motion, or the fide a d by the fe- 
Cond. To underitand our author's demonftration 
of this corollary, we muft premife this obvious prin- 
ciple, that when a. body is a<fted upon by a motion ' 
or power parallel to a right line given in poficion, 
, , this 
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this power or motion has no effcft to caufe the body 
u> approach towards that light line or recede from 
it, but to move in a line parallel to that right line 
only , as appears from the fecond law of motion. 
Therefore a d being parallel to b c, the motion in 
the direi^ion a d has no efied in promoting or re- 
tarding, the approach of the body a towards the line 
B ; confequcntly it will arrive at this line b c in 
the fame time as if the firft motion a b only had 
been impreft upon it. In like manner, becaufe a b 
is parallel to d c, the motion a b has no efTcft in 
promoting or retarding the approach of the body a 
towards the line d c ; confequcntly it will arrive at 
the line d c in the lame time as if the motion a d 
only had been impreiTed upon it. < Therefore the 
body A will arrive at both the lines b c and d c in 
the fame time, that, by the hrft moHon done, it 
would have defcribed a b, ot, by the fecond alone, 
it would have defcribed a d. But it can arrive at 
both the' lines b c and d c no other way than by 
a»iiiDg to their iritcrfedtion c : therefore, when the 
two motions ab and .a d are impreit upon it at 
once, it moves from i\ u> c, and oefcribes the dia- 
gonal A c, in the fame time thar^ by thefe motions 
ading feparately, it would have delcribed the fides 
A B and A D. 

g. Becaufe this corollary is of very cxtenfive ufe, 
it may be worth while to iUuftrate it farther. Sup- 
pofe (Fig. 3.) the fpace e f o h to be carried uni-. 
formly forward in the dire&ion a b, and with a ve- 
locity reprefented by a b. Let a morion in the 
direction a d, and meafurcd by the right line a d, 
be imprcft upon the body a in the fpace e f c h. 
To thofe who are in this fpace, the body a will ap- 
pear to move. in the right Ime a ; but its real or 
abfolute morion will be in the diagonal a c of the 
paral- 
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parallelogram a B c D s and it will defcribe a c in 
the fame time that the fpace by its uniform motion, 
or any point of it, is carried over a right line equal 
to A B, or that the body a, by its motion acrofs the 
fpace, defcribes a d. For it is manifeft: that the line 
A D, in confetjuence of the .motion of the fpace, is 
carried-into the fitiiation b c, and the point o to c 1 
fo that the body a really moves in the .diagonal 

AC 

10. The Converfe of this corollary is, that the 
motion in the diagonal A c may be refolved into the 
motions in the fides of, the parallelogram a & and 
"A D. For it is manifell:, that if (Fig. 4.) a k be 
taken equal to a D wifh an oppofite direction, and 
the parallelogram a k B c be completed, the right 
line A B Qiall be the diagonal of this parallelogram j 
confequently, by the two laft articles, the motion 
A c compounded with the motion a k equal and op- 
pofite to the motion a d, produces, the motion a b ; 
that is, if from the motion a c, in the diagonal, yoir 
fubdiift the motion a D in oneof the fides, there will 
remain the motion a b in the other fide of the paral- 
klogjram a e c d. 

11. This doftrine will receive farther iUoftration 
fcy refolving each of the motions a b and a d into 
two motions, one in the direftion of the diagonal 
,X c and the other in the dirciftion perpendicular to- 
"k; that is, by refolving ("iv^. 5.) the motion a b into 
the motions a m and a n, and the motion a d into . 
the motions a k and a l. For the triangles a d k 
and B c M being equal and fimilar, d ic is equal to 

• B M, or A L to a N i fo that the motions a l and a n, 

"being equal and oppofite, they dcilroy each others 

. effeft : and it being an obvious and general principle, 

that the motion or a body in a tight line is no way 

J^ affcdti'd 
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affeftcd by any two equal powers or motions that 
aft in direflions perpendicular to that line, and op- 
pofue to each other, it thus appears how the body 
A is determined to move in the diagonal a c ; and, 
becaufe a k is equal to m c, it appears how the re- 
maining motions a m and a k are accumulated in 
the dire<ftion a c, fo as to produce a motion mca- 
fured by a c. It appears lilcewife how abfoiute mo- 
tion is loft in the conipofition of motion ; for the 
parts of the motions a b and a d that are reprefentcd 
by A wand a l, being equal and oppoOte, dcftroy 
■ each other's effeft, and the other parts a m and a k, 
only, remain in the diredlion of the compounded 
motion a c : while, on the contrary, in the refola- 
tion of motion, the quantity of abfoiute motion is 
jncreafed, the fum of the motions a b and a d, or 
B c, being greater than the motion a c. But the 
fum of the motions, eftimated in a given diredion, 
is no way atFeftcd by the compofiiion or refolution 
of motion, or indeed by any aitions or influences of 
bodies upon each other,' that are equal and mutual 
and have oppolite dircfticns. 

For fuppofe that (Fig. 6.) the motions are to br 
edimated in the direction a p ; let c p, b r, d (i_, be 
perpendicular to this dire£tion in the points p, r and 
0^; then the motions a c, a b, ad, reduced to the 
direction a p, are to be eftimated by a p, a r and 
A Q_rerpecT:ivcIy, the parts which are perpendicular 
to A p having no efFcift in that direction. Let a p 
meet b c in s ^ then becaufe r p is to s p, as b c (or 
A d) to c s, that is, as aq_io s p, it follows that 
A Q_ is equal to r p, and that a R + a o^js equal to 
A p i that,is, that the fum of the motions a b and 
A D, reduced to any given diredion a p, is equal to 
the compounded motion a c reduced to the fame di- 
mction. From which it is obvious, that, in gene- 
■ , . ral. 
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fa], when any number of motions are compounded 
together, or are refolvcd according to this general 
corollary, the fum of their motions continues inva*- 
riably the fame, till fome foreign influence afFefts 
them. 

12. The ufcfulncfe of the fame corollary has m- 
<3uced authors to invent other demonftrations for the 
farther IlUiftratiort of it. Wc Ihall only add a proof 
of the fiinpleft: cafe,, when ..the motions a b and ad 
are equal, and the angle b a d is a right one -, in 
this cafe a b c d (Fig. 7, 8.) is a fquare, an(^ the 
diagonal a c bifefts the angle bad; and, becaufc 
the powers and motions of a d and a b are equal, 
and there can be no reafon why the direction of the 
compounded power or motion Aiould incline to one 
of theie more than to the other, it is evident that 
its dired:ion mufl- be in the diagonal a c ; and that 
the compounded power or motion is meafured by 
A c appears io th^ following manner. If it is not 
meafured by a c, firft let it b? meafured by any 
right line a e lefs than a c ; join b d interfering 
A c in K, upon a c take a m greater than a k, in 
the fame proportion that a c is greater than a e ; 
thro' the point m draw the right line f o parallel to 
a D, meeting a d in o and a b in f j complete the 
parallelograms a m o h and a m f n : then becaufe 
thefe paralldograms are fquares as well as a b c d, . 
and A D is to A G, as A K to A M, that is as A E tp 
AC; and AB to af in the fame proportion; and 
becaufc A E is fuppofed to be the power or motion 
compounded from a b and a d, it follows that the 
power or motion a d may be fuppofcd to be com- 
pounded from the powers or motions a m and a h, 
and A B from a m and a n. Bi)r a h and a k, a£l^ 
ing equally with opppfue direftions, dellroy each 
other's elFcft i fo that it would follow that the r^ 
K 3 maining 
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maining powMs or motions am+a" f'- '• 4***) 
which are accumulated in the direftion of the diago- 
nal A c, ought to be equal to ae ; which is abfurd, 
for A M is greater than a k by^ the conftruAioht and 
2AM greater than a a k or a c, which is fuppofed 
to be greater than a e. In like manner, it is fliewn 
(Fig- 8-) that the compounded power or motion, in 
the diagonal a c, is not meafured by a nght line 
greater than a c ; and therefore it is meafured pre- 
cifely by the diagonal a c itfelf. 

13. The ftate of any fyftftm of bodies, as to 
motion or reft, is judged by that of their centre of 
gravity, in the moft fimpleand convenient manner. 
Jn a regular body o( a homogeneoHs texture, the 
centre ot gravity is the fame with the centre of tfiag- 
nitude ; and, in general, it is that point of an heavy 

■ -body, which being fuftained, the -body is in confe- 
qucnce itfelf fuftained. In two equal bodies it is in 
a right line joining their centres, at eqoal diftance* 
.from both : when the bodies are unequal, it is 
nearer to the greater body, in prc^ortion as it is 
greater than the other j or its diftances from their 
centres are inverfely as the bodies. Let a (Fig. 9.) 
be greater than b> join a b, upon which take the 
point c, fo that c a may be to c b, as the body b is ■ 
to the body a, or that axca may be equal to 
B X c B, then is c the centre of gravity oi the bo- 
dies A and B ; and we fhall afterwards 0icw, that if 
A and B be joined by an inflexible rod ' a b void of 
gravity, and the point c be fuftained, th«i the bo- 

- dies a and b Ihall be in aquilibrio. If the centre of 
gravity of three bodies be-required, firft find c the 
centre of gravity of a and b, and fuppcrfing a body 
to be placed there ?qual to the fum (rf a and b, find 
G the centre of gravity of it and d j then (h«ll g 
be the centre of gravity of the three bodies a, b, 

and 
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and D : in like muiner, the centre .<^ gravity- of any 
number of bodies is determined. 

14. The fum of the produfls tKat arife by nniltt-. 
plying the bodies by their refpeftive diftances from a 
fight line, or plane, given in pofition, is equal to the 
product of the fum of the bodies multiplied by the 
diitance of their centre of gravity from the fame Hght 
line or plane, when all the bodies are on the fame 
fide of-it ; but when fome of them are on the oppo- 
fite fide, their produdls when multiplied by their re- 
fpeftive diftances from it are to be conlidcred as ne- 
gative, or to be fubdu&cd. Let i l (Fi£. 10.) be 
the right line given in ppfition, c the centre of gra- 
vity of the bodies a and Bj Aa, B^, cf perpendicu- 
lars to 1 1, in the points Oy i, c-, then if- the bodies 
A and B be on the fame fide of i l, we Ihall find' 
A-x.A,a-\-Bx.Ki^sA-{-BXCC. FoT drawing thro* 
c the right line MN parallel to i l, meeting ah in 

. 11, and B ^ in N, we have a to b, as b c to a c, by 

■ the property of the centre of gravis ; and conle- 

quently A to B, asBN to a M, or ax Arj^sBXBNj 

but AXA<a-f-BX.B^ = AXCf-|-AX AM-|-BXCt — " 
&XBN=:AXCC + BXCr = A-^BXCC. 

' When (Fig. 11.) B' is on the other fide of the 
right line i l, and c on the fame fide wi;h a, the?. 

AX A a — BXB^^AXCA+-AXAM B X B N-f B X Cir=- 

A-j- Bxcc: and when the fum of theprodu<fts of the 
bodies on one fide of i l rrHjkJplicd by their diftances 
from it, is equal to the fum of the products of the 
bodies multiplied by tKeir diftances on the other fide 
of I L, then c c yanilhes, or the common centre of 
gravity of all the bodies falls on this right line i l. 

15. Siippofe novrthe bodies a and b to proceed 
in the right lines a d and b e, (Fi^, 12.) and wlicn 

K 3 they 
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they come to d and e thdr common centre of gra- 
vity to be found in G : IctnJ, ze, c; be perpendi- 
culars to I L, in i, f, f ^ let D M, £ N, G K, parallel 
to I L, meet ji «, b i, c f, refpedtively, in the points 
H,N>K. Bythc laft article, X Dii-fEXE «=»: A +B 
X 0|- i and fubduAing this from the equation in the 
preceding article, wz. AXA£+BxB^=A-f-Bxcf, 
then AX AM +BXBM = A + BxcK. By proceeding 
in the fame manneritwillappear that axdm^-bxen 
:p=! A+BxcK. The motions of a and b being fup- 
poled uniform, the right lines a m and b n will inr 
create uniformly, lo as to become double in double 
the time ; confequently c k will atfo increafe uni- 
formly, or in the fame proportion as the time.. And 
becaufe DM, £ tf , increafe uniformly, it follows, that 
G K alfo incrcafes uniformly ; and that c k is to k q . 
in the conftant ratio ofAXAMH-BXBNtOAXDM-f- 
B X E H. Hence it appears, that when any number 
of bodies move in right lines with uniform motions, 
their common centre of gravity moves likewife in a 
right line with an uniform motion ; and that the fum 
of their motions, cftimated in any given dircdion, 
isprecifely the fame as if all the bodies, in one tnafs, 
■were carried on with the direftion and motion of 
their common centre of gravity. Becaufe the fum 
cjf the inotions of the bodies, eftimated in any given 
dircdion, is preferved invariably the fame in their 
collifions, without being afFefted by their aftions 
upon, each other, that are equal and mutual and hav^ 
contrary dircftions ; it follows, that the ftate of their 
centre of gravity is no way affedted by their colli- 
fions, or any fuch aflions j and that it perfeveres iq 
its ftatt of reft or uniform motion, in the fame man- 
ner as by the firft law of motion any one body per-' 
ftvercs in its ftate, till fome external influence dillurb 
it. Thefc propofilions rcprefent to us ^he theory of: 
3 „ motion' 
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motion in a plain and beautiful light ; and enable us 
to judge the motions of a fyftcin of bodies, with al- 
moft the fame facility as of thofe of one body. 

1 6. The motions and aftions of bodies upon each 
other, in a fpace that is carried uniformly forward, 
are the fame as if that fpace was at reft 1 and any 
powers or motions that a.£t upon all the bodies* fo 
as to produce equal velocities in them in the fame 
or in parallel right lines, have no cffeft on their 
mutual aftions or relative motions. Thus the mo- 
tion of bodies aboard a Ihip, that is carried ftcadily " 
and uniformly forward, are performed in the fame 
manner as if the fhip was at reft. "When a fleet of 
Ihips is carried away by an uniform current, their 
relative motions are no way affedted by the current, 
but are the ITame as if the fea was at rett. - The mo- 
tion of the earth and air round its axis has no effedt 

. on the aftions of bodies and agents at its furface, but 
fo far as it is not uniform and reftilineal. In general, 
the atftions of bodies upon each other depend not 
upon their abfolute but relative motion -, which is the 
difference of their ahfolutt motions when they have 
the fame diredtion, but their fum when they are 
moved in oppofite direftions. 

1 7. No principle being more univerfally allowed 
than this, or more evidently eftablifhed upon com- 
mon experience, we deduced the foIlQ\ying argu- 
ment from it againft the new doiftrine concerning 
the forces of bodies in motion, in a piece that ob- 
tained the prize of the royal academy of fciences at 
Paris, in 1724 ; which, becaufe of its plainnefs and 
iimplicity we fhall defcribc here again. Let a and 
B (Fig. 13.) be two equal bodies that are fcparated 
from each other by fprings interpofed between them 

K4 (or 
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(or in any other equivalent manner) in a fpace 
£ F G H, which in the mean time proceeds uniformly 
in the direction b a (in which hne the fprings a£l) 
with a velocity as i j and fuppofe that the fpring3 
iniprefs on tiie eqaal bodies a and b equal veloti- 
tics, in oppofite (]ire<5lions, that are. each as i. 
Then, the abfolute velocity of a (which was as 1) 
will be now as 2 ; and according to the new dodrine 
its force as 4 : whereas the abfolqte velocity and the 
force of B (which was as i) will be now deftroycd j 
fo that the aftioii of the fprings adds to a a force as 
3, and fubdufts from the equal body b a forqe as 
I only ■, and yet it fcems manifeft, that the aifUons 
of the fprings, on thefe equal bodies, ought, to be 
, equal -, (and Mr. Bernoulli exprefsly owns them to 
bcfo): that is, equal adions of the fame fprings 
upon equal bodies would produce, very unequal eft 
feds, the cne being triple of. the other according to 
the new doftrine ; than which hardly any thing more 
abfurd can be advanced in philofophy or mechanics. 
In general, if m reprefent the velocity of the fpace 
E F G H in the dlrtdion b A, « the velocity added to 
that of A and fubduded .from that of b, by the ac- 
tion of the fprings, then the abfolute velocities of 
A and B will be rcprefented by m-\-n and m — n re- 
fpedively, the force added to a by the fprings will 
he 2 ms ~\-nn, and the force taken from b will be 
2JWM — ««, whidi differ by 2«». Farther, it is 
allowed that the adions of bodies upon one another 
are 'the fame in a fpace that proceeds with an uni- 
form motion as if the fpace was at reft : but if the 
fpace E F G H was at refl, it is allowed that the forces 
communicated by the fprings to a and b had been 
equal ; and, according to the new, dodrine, the force 
of each had been , rcprefented by » » ; whereas the 
force communicated to a by the fprings in the fpace 
f F G H is rcprefented by 2 w »-)-» ». and the force 

taken 
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taken from b will be 2 mn — nn. Thefe argumentt 
are Jimple and obvious, an^ feem, on that account, 
to be the more proper in treating of this queftion. 
They who maintain the new doitrine may define 
force in fuch a manner^ as to make the difpute ap- 
pear to relate, merely to words ; but, as die terms 
a^icn and force fcem to be very nearly allied to each 
other, it furely tends to confound our notions and 
language, tq maintain that equal actions generate or 
produce unequal forces in the fame time. But what' 
evidently Ihcws that the authors on the fide of this 
new opinion. did not onderfland what they taught^ 
is, their telling us, that the quantity of abfolute 
force is unalterable by the coUiiions of bodies, and> 
that this follows fo evidently from the equality of 
aiiion and reaffiorty that to endeavour to demonftrace 
it would only render it more obfcure. For hence 
it appears, that they underftocd equal changes to be 
produced in the forces of bodies in, confequence of 
the equality of aSien and rea0o)t -, and yet tt is 
evident from what we have Ihcwn, that the changes 
produced in the forces of bodies muft be very un- 
equal, according to this new docfhine, though the 
■ aiihn and reailien by "which they are produced be 
equal. It feems to have been by a miftake, that 
Mr. Leibnitz firft. found himfclf engaged to main- 
tain this new doctrine, in j686 ; and in like man- 
ner, ^mc of his difcipies fcem to have raflily. 
adopted the lame, without having attended to tlK 
confequences. 

18. In the theory of motion* rightly underflood^ 
the fame laws that lervc for comparing, compound- 
ing, or reviving motions, are obferved likewise l^ . 
prelTures ; that is^ the powers that generate motion* 
or tend to produce it : for forces are nothing elfe 
but the fums of fuch preiTures accumulated in the 

body. 
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body, in confequcnce of the . continued aftion of the 
powers for a finite time •, and preflures arc con- 
fidered as infinitely fmall forces, or as the elements 
from which the forces arc produced : and it adds no 
fmall beauty and evidence to this theory of motion, 
that both obferve the fame laws. When a force is 
generated in any body, by the accumulation of 
other forces or impulfes, that which is generated, in 
any direction, muft be equal to the fum of thofe 
which are all employed and confumed, in that di- 
reftion, in producing itj and if the force is pro- 
duced by a continual fuccefllve afblon, the motion 
generated muft be equal to the fum of the prcffures 
that are exerted in producing it. In like manner, if 
motion is deftroyed by the refiftance of any oppofite 
power, it muft be equal to the fum of all the adlions 
by which it is totally deftroyed. On the other hand, 
the intenfity of the power that generates motion in 
any body, is proportional to the augment of force 
which it generates in a given time, and the inten- 
fity of the power that refifts or deftroys motion, is 
mcafured by the decrement of force produced in a 
given time ■, fmce the augment in the firft cafe, and 
decrement of motion in the fecond cafe, are the 
adequate effefts of the power j which is fuppofed to 
be of fuch a nature as to be renewed every moment, 
and exert all its influence at once. In general, the 
intenfity of any power that generates' or deftroyj 
motion is the greater, in proportion as the change of 
velocity produced by it in the direfliion of that power , 
is greater, and the lefs the time is in which that 
change is produced,- if the intenfity of the power 
continues uniform during that time : but if the 
power varies, its intenfity, at any given term of the 
time, is to be meafured by the change of velocity 
which would have been produced^ in a given time, 
1^ the power continued uniformly for that time. 

13. The 
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19. The preffure or power that generates motidn 
in a body is in the compounded ratio. of the quan-' 
tity pf matter in the body, and of the velocity which 
it would generate in it in a given time, if it was con- 
tinued uniform for that time j and thofc preflures 
are equal in any two bodies, when their quantities of 
matter are reciprocally as thofc velocities, that is; 
when the intcnfity of the power that afts upon the 
greater body a, is tefs than the intenfity of that 
which afts upon the lefler body b, in the fame pro- 
portion as B is lefs than a. If two bodies that are 
a^ed upon by fuch powers, with oppofite dire^ions, 
be in contaft, neither of the powers will prevail, 
and no motion will be produced. In the fame man- 
ner, if two, bodies, moving with velocities inverfcly 
proporxional to their quantities of matter, meet with 
oppofite direflions, their motions will deftroy each 
other, if they are foft bodies ; or if they are io per- 
fectly hard as that their parts are quite inflexible, 
they will both ftop after tlie ftroke : but if they have 
any elafticiiy, they will be refleded after the flirokc 
with equal motions. Thus there is a perfeft har- 
mony between the laws of preflures, or powers, and 
the laws of motions or forces produced by thofc 
powers ; as, in general, there mufl: be an analogy 
between the powers that generate or produce any 
effe<ft, and the effciSts themfelves which are gene- 
rated. But this harmony is quite loft, as to the 
forces of bodies, according to the new opinion con- 
cerning their menfuration ■, for, according to this 
opinion, when the velocity is finite, how fmaU fo- 
evcr it may be, the force is mealured by the fquare 
of the velocity ; but when the velocity is infinitely 
little (as it is, according to the favourers of the 
new opinion) in confequcnce of the firft impulie of 
the power that generates the motion, the force is 
fimply 
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fimply as the velocity ; and we cannot but obferve, 
that this fudden change of the law does not appear 
to be confirtent with the favourite principle of tenti- 
fudty, fo zealoufly maintained by the fame phUoibs' 
pbers. According to the fame opinicHit foKcs that 
luflain each other, with oppoQte ditetftioos, and de- 
ftroy each other's effe<S, may be unequal in any given- 
ratio *, and when bodies meet with equal forces . in 
c^pofite directions, they do not therefore fuftain 
each other, but that which has the greater velocity 
carries it againft the other. Let v denote the velo- 
city of A, and V the velocity of b j then a x v will 
denote the motion or force of a, and b x v the mo- 
tion or force of b ; fo that thefe motions aie equal 
when A X V = B X V, that is, when v is to v, as b is 
to A : and this is the cafe wherein conilant expe- 
rience teaches us that the motions fuftain each othier, 
provided their directions be oppoljte. But, accord- 
ing to the new opinion, the force of a is meafured 

■ by A X vv, and the force o£ b by b x f v, which 
are to each other in the fame proportion as v to v, 
in the prefent cafe, becaufe we fuppofe a x v=b x v, 

■ Thefe forces, therefore, according to the new (pi- 
nion, are fo far from being equal, that the force of 
A is lefs than thp force ot b, m proportion as v is- 
lefs than v, or b lefs than a' ; fo that, according to' 
this doftrine, a force might fuftain, or even over- 
come, a force looo times greater than itlelf, or 
greater than itfelf in any affignable proportion. Ac- 
cording to the fame doctrine, the forces of a. and 
B are' equal, when a x y v=b xvv, that is, for ex- 
ample, when A being quadruple of b, the velocity 
of B is double of the velocity of a i in which cafc-- 
the quantify of motion, or mihentumt of a is double^ 
of that of B i and the motion of a appears, from 
experience, to be more than fufficient to fuftain thc- 
motion of b. It has coft the favourers of the new 
opinion 
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opinion a great deal of pains to compofe their ao- 
counts, by which they endeavoured to reconciie their 
theory nith expenence % and how unfatisfai^Ory 
their accounts have proved, will eafily aj^ar to tho 
reader who will take the trouble to examine them. 

20. Let the bodies a and b (Fig. 14..) byinovii^ 
towards each other, .comprefs equal and finiilar 
fprings .placed between thcn:i, till by the rea^ion of 
tnofe fprings their motions be deftroyed. Mr. Bfr~ 
netdli exprefsly owns, that the adions of the fprings 
On thofe bodies are conftantly equal to each other, 
and yet maintains that they deftroy a force in b 
greater than the force of a, in the fame proportioa 
9s the body a is greater than b, or (c being the cen- 
tre of gravity of a and b) as c b is greater than c a. 
He therefore maintains, that equal prcHures ^r ac- 
tions of fprings generate, in- the fame time, forces ■ 
that {nay be unequal in ^ny alHgnable ratio ; whicb 
is repugnant to. the plaineft notions we are able to 
form <x a6:ion and forcc^ and fervcs only to intro- 
duce myCterious and obfcure conceptions into the 
theory of motion, without any necefiiiy. If we 
fiippofc the body a to comprefs the fpi'it>gs from a 
to c, then the body b will comprefs all the fprings 
from a to c, in the fame dcgive, and in ^he fame 
time ; and thence he infers, that the force of a is to 
the force -of a, in the f^ne proportion as the nupiber 
of fprings from c to a, to the number of fprings 
from c to B. But fincc the motion, force, or effcd: 
of any kind, produced or deftroyed in a or b, de- 
pends iqjon the immediate a<ftion which produces the 
c&edi, and upon it only ; and fince, in this cafe, the 
ad:iofts of the fprings upon the bodies a and b are 
thofe which deftroy their motions % and fmce it is 
allowed by him that tlie actions of the fprings upon 
thefe bodies are equal, is it not evident that the 

forces 
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forces deftroycd by them in the fame time muft be 
equal ? And is it not manifeft, that the forces which 
arc produced or deftroyed in bodies, are to be mea- 
fured by the efforts which the fprings exert upon the 
bodies in producing this cfkQ:, and not by the num- 
ber of fprings ? It is the lafl: fpring only, which is 
in contaft with the body, that ads upon it, the reft 
ferving only for fuftaining it. in its a(5tion ; (o that 
any change produced in the body, by whatever name 
it be called, ought to be determined from the aftion 
of this laft Ipring only, and in juft reafoning ought 
to be computed from it alone. Had he defined 
force by the number of equal and fimilar fprings^ 
that, by a given degree of expanfion or comprcffion, 
produce or deftroy it, juft exceptions might have 
been made againft the propriety and convenience of 
fuch new and unnecefTary exprelTions, as tending to 
perplex and darken this moft ufeful theory of mo- 
tion, which was before very clear and evident : but 
then this controverfy would have appeared to relate 
chiefly to words and terms of art, and there would 
not have been fo much danger of miftakes ariiing 
from their doiftrines. But he does not give this for 
the definition of force. 

21/ When a body defccnds by its gravity, the 
motion generated may be confidered as the fum of 
the uniform and continual impulfes accumulated in 
the body, during the time of its falling. And 
when a body is projefted perpendicularly upwards, 
its motion may be conftdcred as equivalent to the 
fum of the impulfes of the fame power till they ex- 
tinguifh it. When the body is projefted upwards 
with a double velocity, thcfe uniform impulfes muft 
be continued for a double time, to be able to deftroy 
the motion of the body ; and hence it arifes, thai 
the body, by fcEting out with a double velocity, and 
afcend- 
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alcending for a double time, mufl: arifc to a qua* 
druple height, before its motion' is exhaufted. -fiut 
this proves that a body with a double velocity moves 
with a double force, fince it is produced or deftroyed 
&y the fame uniform power continued for a double 
time, and not with a quadruple force, though it arife 
to a quadruple height. This, however, was the 
argument upon which Mr. Leibnitz &T& buik this 
dod:rine ; and thofe which have been fince derived 
from the indentings or hollows produced in foft bo- 
dies by others falUng into them, ace much of the 
fame kind and force. Caufes are not to be mea- 
fured by any effefis produced by them, taken with- 
out any choice, or judgment, or regard to their 
^ircumftances. Motions and forces are not to be 
meafured by the effcds produced, wichout regard to 
the times and directions of the motions, according 
to the principles of geometry and mechanics. In 
geometry, wc judge of wholes by comparing their 
parts, or the elements from which they are gene- 
rated -, and, in mechanics, we can have no better 
method of judging of motions, or forces, than from 
the powers that produce them. The motion, or 
force of a body has a much more fimple and plain 
analogy to the power that produces jc, than to the 
fpace defcribcd by it in foft clay or any other refift- 
ii^ medium. 

22. TTie principle, , " that the caufe is to be mear 
** Cured by its effe£t," is one of thofe that will- be 
very apt to lead us into error, both in metaphyficx 
and natural philoibphy, if applied in a vague and 
indiilinift ' manner, without fufiicient precautions. 
Force is defined to be that power of a£Hng in a 
body which muft be meafured by its whole effed rill 
its motion be deftroyed, by tho& who favour the 
oew opinicm, oc focne of them at leaft, and by fome 

wh» 
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who would reprelent this difpute as merely about 
words. But the fame authors tell us likcwife, that 
force is proportional to the number of fprings which 
it can bend before it be dellroyed ; and this they 
propo{e, without any proof, as a definition or axiom. 
Did they content themfelves with the latter of thefe 
only, we ftiould allow the difpute to be of very lit- 
tle moment, farther than as fuch liberties tend to 
confound our notions of the adion and motion of 
bodies, as we obferved above. But white thby pre- 
tend that force, defined by them at their pleafure, 
is to be confidered as the caule of the effeds pro- 
duced by motion, and is to be meafured by thofe 
effefts, the difpute appears no longer to be about 
words only. Sir I/aac Newlotiy in his fecond law of 
motion, points out to us that the imprefTed force 
being confidered as the caufe, the change of motion 
produced by it is the effeft that meafures the caufe » 
and not the fpace defcribed by it againll the adiion 
o£ an uniform gravity, nor the hollows produced by 
the body falling into ciay. This law of motion is 
the fureft guide we can follow, in determining effcfts 
from their caufes, or convnfely the caufes from their 
effeAs. 

23. The harmony between the laws of preflilres, 
or powers, that generate motion, and the laws tjf 
thefe motions themfelves, appears in a fuller light 
when we attend to pheir comppfnion and refolution. 
Powers afting in the dircftions a b and a d (Fig..^..) 
proportional to thofe right lines, compound a power 
that a£ts in the diredion of the di^onal A c, and is 
meafured by a c. Becaufe a c is lefs than a b 4- a d, 
die power compounded from a B,and a d is always 
lefs than thofe powers themfelves -, and this is fully 
accounted for by refolving the power a b into a m 
and AN, fi^Eg; .5.) and the power. A' & into ak and 
7 *^* 
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A L ; of which A N and a l are oppoGte and equal 
and deftroy each, other's effeft, fo that there remains 
A M + A Ky or AC, the mcafure of the compounded 
power. The favourers of the new opinion agree 
with us in ai^uing in this manner, concerning 
powers and preffures ; but in a manner quite incon- 
fiftent with this, in the compoficion and refolution 
of forces. When the angle b a o is right, the com- 
pounded force is equal to the fum of the forces a b 
and A D, according to them j and no force is loft, 
notwithftanding the oppofite diredlions of the forces 
A t and A N ; tho' it is not eafy to ^onccive how this 
Ihould not have an effeft in the compofition of 
forces, as well as of powers and preflures. When 
the angle bad (Fig. 15.) is acute, the fquare of the 
diagonal a c exceeding the fum of the fquares of a d 
and DC, (Euclid, 12. 2.) or of a d and a b, the two 
forces in the dircftions a d and A B, muft» according 
to the new doftrine, compound a force a c greater 
than their fum. Now this appears direftly contra- 
dictory to the meuphyfical principle fo much infifted 
on by them, that the efFedt is proportional to the 
caufe which produces it ; for in this cafe, the efiedl 
is greater than the caufe j and this fcems to be as ab- 
furd, in mechanics, as that two quantities collefted 
together Ihould produce a greater quantity than their 
'fum, in geometry. When this was objefted, the 
anfwer * given to it deferves to be copied, for a {pe- 
cimcn of their way of getting over difficulties : it is 
no more but that " no abfurdity follows from rhe 
*' new opinion, which by meafuring forces, not by 
•' momenta, but, by the fquare of the velocities, 
*' concludes that on account of the angle dab its 
" being acute, the fquare of a c (which is the force 

" See DefaguUcr's conrfe of experimental philofophy, vol. t, 
in the note at the bottom of page 72. 
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*' compounded) is greater than the fquaies of a b 
*' and A D, the fum of what they call the compound- 
" ing forces." 

24. To illuftrate this farther, fuppofe that the 
claftic body a (Fig. 16.) receives its force, in the 
direction ab, frotn the equal elaftic body m, and its 
force, in the direftion a d, from the equal elaftic 
body G, at the fame time. According to the patrons 
of the new doftrine, the forces of h and o arc com- 
municated to A by infinitely fmall degrees, or by an 
uninterrupted fucceflion of prelTures, and the whole 
force communicated to a is the fum of the effefts of 
thefe preflures. Now in every inftanc the preffure, 
or infinitely fmall force imprefied on a, is lefs than 
the fum of the preiTures exerted in that inftant 
by H and g, in proportion as a c is lels than ae+ad, 
as is allowed on all fides. Therefore the fum of all 
the preflures, or the force imprefled on a, muft be 
lefs than the fum of all the preflures, or the fum of 
the forces exerted by h and g, in the fame propor- 
tion ofACtoA B + AD; that is, the forces of a, h, 
and G, muft be as the lines a c, a b and a d, and not 
as their fquarcs. It is not poffible to conceive thac 
while the force in a arifes from the accumulation of 
the preflures, or infinitely fmall forces, which it re- 
ceives every moment from the actions of h and G, 
and each of thefe preflures, or infinitely fmall forces, 
is lefs than the fum of the aftions of h and g that 
produce them j yet the whole force of a fiiould ne- 
verthelefs exceed the fum of the whole adtions or 
forces of H and g. I fpeak here of infinitely fmall 
forces, to comply as much as poflible with ttie (lyle 
of the favourers of this new opinion. To * this 
they gave no other anfwer than that what we call 

* Ibid. p. 73, in the laA Bote. 
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forces here ought to be called momenta. But they 
pretend not to explain how the infinitely fmall forces 
imprelted upon a, in the diredion a c, come to 
produce a finite force far greater than their fum total \ 
or how the efFeft fliould be fo far from correfpond- 
ing to the caufe ; the mctaphyfical principle which 
they fcem to ufe, or rcjcifV, juft as it ferves their turn. 
If we fuppofe the angle b a D to be infinitely acute, 
the fame forces (according to the new opinion) gene- 
rate a force in a which exceeds their fum as much ai 
the fquare of ab+ad exceeds the fum of the fquares 
of A B and A D ; fo that if a d be equal to a b, they 
will in that cafe generate at a a force double of their 
fum, for then the fquare of a B + * D wi'^ he equal 
to the fquare of 2 A B, that is to 4 a b * j tho' the 
two equal forces which are fuppofcd to produce this, 
taken together, amount only to 2 a 1 ', according to 
their own computation 1 fo that, in this cafe, a caufe 
produces an etFeft of the fame kind double of itfelf. 
To this it has been f wiiwcred, that, according to 
the new opinion, a double momentum may produce a 
■quadruple efFcifl, if the velocity is double. But 
, furely tne authcf who gave this anl'wer did not attend 
to the objeftion -, for. what we have proved, is not 
that a double momentum produces a quadruple effeft, 
but that a double force, according to their own no- 
tion and computation, produces a quadruple force, 
according tO'the fame notion and computation. And 
indeed the fum of the anfwers they have made to the 
abfurdities which have been deduced from their fa- 
vourite opinion amounts to this, viz. that they are no 
abfurdities, becaufc their new opinion obliges them 
to admit them. 



\ Ibid. p. 74, in the notet. 

L 2 25. The 



D,gt,,-f.rihyGOOgle 



148 Sir Isaac Newton's Book II. 

25, The tefolution of powers, or preffures, is a 
neceflary confcqucnce of their cotnpofition. As mo- 
tion is loft in the compofirion, fo it is necefiarily 
gained in the refolution of motion ; and as this is 
allowed of motions, and of the powers that generate 
motion, there can be no good reafon given why it 
ought not to be allowed of the cfftfts of thofc 
powers, or of the force of bodies. The fame rea- 
fons that argue for an incrcafe in the one cafe, prove, 
with the fame evidence, that an increafe of the other 
ought likewife to be allowed. Let the body c 
(Fig. 17.) moving in the direftion d c, the diagonal 
of the. parallelogram c l d k, ftrikc the equal body 
A obliquely, fo as to impel it in the direftion c a 
the continuation of c k, and at the fame time the 
equal body b, in the direftion c b the continuation 
ot c L ; the body a will proceed in the right line c a, 
and the body b will proceed in the direftion c b the 
continuation of c l, and c having communicated all 
, its force to them will flop. It will not appear ftrangc 
that the motions and forces of a and b exceed the 
motion or force of c, if we confider that c commu- 
nicates the whole motion or force c k to a, and the 
whole motion or force c l to b, that the refiftance 
or inertia of a reacting upon c, not in the diredion 
of its motion c d, but in the dircftion ck oblique 
to it, the abfolute motion or force of c, in the direc- 
tion D c, is not fo much diminilhed by this reaftion 
as if it was direftly oppofite to the motion of c ; for 
no power, or refiftance, can produce fo great an 
effeA in any direftion as in that whrrein it aifts. In 
tike manner the rcaftion of b dcftroys the motion 
or force lc in the body c, in the direftion in which 
B reafls i but not fo great a motion or force in the 
direction dc to which it is oblique; and thus it ap- 
pearS) that the motion or force of c, in the direftion 
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D c, mud neceflarily be lefs than the fum of the mo- 
tions or forces of the bodies a and b in their refpec- 
tivc diredions. If it be objeded, that, in this cafe, 
the motion of c, in the direiSion d c, is the Caufeof 
the motions of a and e, in the dir^ions c a and 
c B 1 fo that a caufe produces cffefts whofe fum is 
greater than itfclf ; in anfwer to this, wc have already 
obferved, that as this is allowed on all hands of mo- 
tions and preflures, it cannot be abfard to extend it 
to forces, but muft obtain in them for the fame rca- 
fons. But farther, we are to obferve, that, in con- 
, fcquence of the inertia of body, it not only refifts 
any change of its motion, but likewife any change 
in the direction of its moticHi ; and that when the 
< action of bodies upon each other is not in a right 
line, both thefc are to be taken into the account, 
Suppofc the body c firft to ftrike upon a, then the 
reaftion of a has a twofold effedt ; it fubduifls fome- 
what from the motion or force of c, and at the fame 
time it produces a change in thedireftion'of c ; and 
the reaftion of a (to which the motion or force pro- 
duced in it is equal) is not to be edimated by one of 
thofc effefts only, But by both conjointly. After 
the body c has ftruck a, it proceeds in the right line 
c B with a motion or force as c l, and, impinging 
upon B direftly, it communicates its whole motion 
or force to b which reads direftly againft it. We 
have fuppofed the bodies c, a, and b to be pcrfeftly 
claftic, in conformity to the fuppofitions of our -op- 
ponents, fome of whom confine themfclves in theii- 
enquiries to thefe only. 

^6. If we fubftitute fprings in place of the bodies 
A and B, and their refiftances be mcafured by c k 
and c L, it will appear, in the fame manner, that 
the refiftances of thofe fprings arc not the proper 
pieafures of the force of the body c, but that taken 
L 3 togc- 
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together they mud exceed it i for the fpring a afts 
at a ciifadvantage againft the motion or force of c. 
It has its whole cfFeft in the dire£tion c k in which it 
refifts i but not fo great an cfFcft in the diredion 
c D, which is oblique to that in which it ads. If 
the fpring a aded with the fame advantage as b, 
they would together produce a greater effeft than in 
the fituation ihcy have in the Bgiire ; and therefore 
the grcatcft rcfiftances which they are able to exert 
taken together, muft exceed the force of the body 
c. Thus it appears that this argument, inftead of 
overthrowing our dodrine, confirms it, and that 
jh^y who advanced it fuppofed ihofe forces to be 
equal, which, according to the known principles of 
mechanics, ^re unequal. If it is afked what be- 
comes of the excefs of the force of the fpring a, 
above what is fubdufti-'d from the force of c ? It may 
be anfwercd, that it is not without its effed : for the 
dirriftion of rhe body is changed from the line d c 
into the right line c b ; and no principle, cither in 
pietaphyfics or mechanics, teaches us that this effc6t 
js to be negleded, in comparing the caufe and effefts 
together on this occafion. On the contrary, many 
jnftances might be given where a force is employed 
in producing a change in the direflion of a motion 
of a body only, without either accelerating or re- 
tarding it. The force that is fufficient to carry a 
body upwards in the perpendicular to the horizon, 
JO a double diftance from the centre of the earth, 
is equal to that which, imprefled in a horizontal di- 
redion, would carry it in a circle about the earth 
for ever, abftrading from the refiftanceof the air i 
as appears from the theory of gravity : and yet the 
lirft would overcome the refiltance arifirig from the 
gravity of the body for a certain time only ; whereas 
|:he other would overcome that refiftance for ever, 
without ^ny diminution of motion. Jn the firft 

cafe. 
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cafe, the gravity of the body would aft diredUy 
agaiflft its force ; in the fecond, it would aft in a line 
perpendicular to the dircftion of its motion : in the 
firft cafe, the aftion of gravity is entirely employed 
in confuming the force of the body j in the other, 
in changing its direftion. only. The arguments 
drawn in favour of the new opinion from the refo- 
lution of motion, feem, at firft fight, the moft'plau- 
fible of any that have been offered for it ; but, from 
the confiderations which we have fuggefted, it may 
appear to an impartial reader, that inftead of over- 
throwing the common doftrine, they rather confirm 
it. As, in other inftances, Mr. Leil>miz's followers 
negleft the confideration of time, in reafoning con- 
cerning the forces of bodies ; fo here we find that 
they have not due regard to the direftions of mo- 
tions and forces, in eftimating and comparing their 
effefts ; which, however, in mechanical enquiries, 
are of no lefs importance than the motions or forces 
thcmfcives. 

27. We have infifted on thcfe obfervations, be- 
caufe they fet the theory of motion in a plain and 
juft light. We often obtain this advantage from 
difputcs concerning the elementary propoficions of 
any fcience, that they are the more carefully en- 
quired into, and when found juft, are illuftrated and 
the better underftood for having been difputed. 
We cannot, however, leave this fubjeft wuhouc 
mentioning an experiment, made by the ingenious 
and accurate Mr. Graham, to whom the mechanical 
fcienccs are fo much indebted. He prepared a pen- 
dulous body with a cavity in it capable to receive 
another body of an equal weight, at the loweft point 
of its vibration ■, and when the body was drop'd into 
it, he found, by the fubfequcnt vibration, that the 
velocity of the double mafs was precifely one half of 
L 4 what 
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what the velocity of the pendulum was before ; fipqi 
wjiich it appears, that the fame force produces iit 
fi double quantity of matter one half of the velocity 
only ; which is agreeable to the common do^rinei 
but directly repugnant to the new one, concerning 
the forces of bodies in motion. Many ingenious 
pieces have b?cn writ againft this new doftrine by 
learned meri, to which we refer the reader who dc- 
fircs to fee more on the fubjeft *. It is pretended, 
that by this new dot^rinc we are enabled to refolve 
problems in an eafy manner, which are otherwift of 
great difficulty j but by the rqefting hard and in- 
ilexibte bodies, there is more loft than gained in this 
refpeft, as we have Ihewn clfewhere, and as will ap- 
pear afterwards, when we come to determine- more 
particularly the cffcfts of the colHfions of bodjes. 

2S. U is becaufe a0en and reaSiiott ^re always 
equal, that the mutual actions of bodies upon one 
another have no effcft upon the motion of the con^- 
mon centre of gravity of the fyftem to which they 
appertain. If there was any aSlion in the fyftem 
that had not a contrary and ^q"^ rea£iion always 
correfponding fo jt, it would sffeft the ftate of the 
centre of gravity of the fyilem, and difturb its mo- 
tion : and, converfcly, if it be allowed that the ftate 
of the centre of gravity of a fyftem is not difturbed 
by the aftions of bodies upon one another th^t are 
its parts, we fnay conclude that their a&iops are 
mutual, equal, and haye contrary dirpftions. Jt 
will therefore be found agreeable to-the courfc of 
things, and to perpetual experience, that the third 
law of motion tHt extended generally to all fort? qf 

f A* a piece of Mr. A Mairae, in the memo irt» de I'ac^- 
^efnie royale des fciences rjiS. Several pieces of lir. ^orin, 
^tiilofophic^ TranrafUont, i$c. ' ' ' 
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powers chat cake place in nature, chofe of attraSfion 
and repul^en as well as others, (and not to be a fupr 
policion arbitrarily introduced by Sir Ifaac Neti?ton \) 
when thole powers are found to depend upon the 
bodies that are faid to attraSt or repel, as well as 
upon thofe that are attraSed or reptlUd. We find 
the loadAone attraifts iron, and that iron- atCraSs tlw 
loadftone with equal forces and becatile they attrad: 
each other equally, they remain at reft when they 
coipe into contaft. If a mountain, by its gravity 
preflcd upon the earth, and the earth did not reaft 
.equally on the mountain; then the mountain would 
.neceffarily carry the earth before it, by its preflure, 
with a motion accelerated in ijffinitum. The fame is 
to be faid of a ftone, or the leaft part of the earth, 
{15 well as of a mountain. Bodies aift upon light m 
propQrtion to their denfity, catfris paribus, by re- 
fraining ft when it enters into them ; and converfeljr, 
light a^s upon bodies by heating them and putting 
their parts in motion. This equality of aSlien and 
rta^iop obtains fo generally, that when any new 
motion is prodpcfd by any power or agent in na- 
ture, there is always 9 correfponding equal and op- 
pofite motion produced by its reaSion at the f»mp 
time, or fome equal motion in the fame dircftion 
deftroyed. When from an engine a weight is 
thrown, the engine re^ds with an equal force on the 
earth or air. If it was not for this law, the Hate 
of the centre of gravity of the earth would be af- 
fcifted by every adion or impulfe of every power 
or agpnc upon it, But by virtue of this law, the 
ftate of the centre of gravity of the earth, and the 
general courfe of things, is prcferved independent 
of any motions that cgn be produced at or near its 
furfjice, or within its bowels. By jhe fame law, 
the ftatp of the Icfler fyftems (?f (h? planets, and 

the 
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the repoTe of the general fyftem, b prderved, with- 
out any difturbance from the actions of whatever 
agents there may be in them. We muft therefore 
allow, that in the attraiiing and repctti^ powers 
which obtain in nature, from whatever ion of caufe 
they may arife, aSitn and reailitm are always equal ; 
and (ince this law obtains in all (bits of motions that 
arife from impulle, we may be the more furprized if 
ve Ihouki Bnd the philofophcrs that explain thofe 
powers from impulfe call it in queftion. Even in 
the motions produced by voluntary and intelligent 
agents, we find the fame law take place ; for though 
the principle of motion, in them, be above tnecha- 
nifm, yet the inftruments which they are obliged to 
employ in their anions are lb far fubjefl to it as this 
law requires. When a perfon throws a ftonc, for 
example, in the air, iw at the fame time reafts upon 
the earth with an equal force ; by which means the 
centre of gravity of the earth and ftone perfeveres 
in the fame ftaie as before. And the neceflity of this 
law, for prefervlng the regularity and uniformity of 
nature, well deferred the attention of thofe who have 
wrote fo fully and ufefully oi final caufes^ if they had 
attended ro it. . 



CHAP. III. 

Of the mecbanital pomers. 

I. /nr^H E knowledge of mechanics is one of 
X. thofe things that contribute moft to diftin- 
guilh civilized nations from barbarians : the works of 
art derive their chief beauty and value from it ; and 
.without it we can make very little progrcfs in the 
knowledge of the works of nature. It is by this 
fctence that the ucmoit improvement is made of 

every 
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.every power and force in nature, and the motions of 
ihc elements, watpr, air, and fire, are made fubfcff 
vient to the purpofes of life, when indullry, with 
materials for the ntcelTary inftruments, are not want- 
ing. However weak the force of man appears to 
be, when iinaffifted by this art, yet with its aid, there 
is hardly any thing above his reach. It is a icience 
that admits of the ftrifteft, evidence ; and certainly 
it is worth while 10 eftabliih it on its juft principles, 
and to cultivate it with the greateft diligence. 

It is diftingui(hed by Sir Ifaae Ne^vton into praSii- 
cal and rational mechanics 1 the former treats of the 
mechanical powers, -viz. the lever, the axisy and 
vsbeel, the ftdley, the wedge, and the fcrew, to which 
the inclined plane is to be added ; and of their vari- 
ous combinations together. Rational mechanics 
comprehends the whole theory of motion j and fticws, 
when the powers or forces are given, how to deter- 
mine the motions that are produced by them ; and, 
converfely, when the phsnomena of the motioqt 
arc given, how to trace the powers or forces from 
which they arile. Thus it appears that the whole 
cf natural philofophy, befides the defcribing the 
phenomena of nature, is little more than the pro- 
per application of rational mechanics to thofe phac- 
romcna 1 in tracing the powers that operate in na- 
ture from the phenomena, we proceed by analyfis \ 
and in deducing the phasnomena from the powers or 
caufes that produce them, we proceed by fynlhe/is, 
But in cither cafe, in order to proceed with certain- 
ty, and make the greateft advances, it is neccflary 
that the principles of this art ihould be pfemifed and 
flearly eltablifhed, being the grounds of our whole 
work. We have already coniidered the inertia or 
pafTive nature of body, according to which it pcrfc- 
ycres in its ftate of motion or reft, receives motion 
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in proportion to the force imprcft, and refifts as 
much as it is rcfifted ; which is the fum of the three 
general laws of motion : from which, and their ge- 
neral corollaries, dcmonftrated in the laft chapter, 
we arc now to deduce the principles of mechanics. 
As thefe laws and their coroliaries take place, tho* 
the caufes of the motions, the nature of the iinpreft 
force, or of the refiftance, be unknown or obfcurely 
underftood i fo the obfcurity of the nature and caufc 
of the power that produccs'the motions, does not 
hinder us from tracing its effefts ill mechanics with 
fufficient evidence, provided we can fubjeift its aftion 
to a juft menfuration : and, in fad:, we know that 
excellent contrivances have been invented for raifing 
weights, and overcoming their refiftances, by fuch as 
gave themfelves no trouble to enquire into the caufe 
of gravity. 

2. In treating of the mechanical engines, we al- 
ways confider a weight that is to be raifed, the power 
by which it is to be raifed, and the infirument or en- 
gine by which this effed: is to be produced. There 
are two principal problems that ought to be refoived 
in treating of each of them. The fir ft is, " to de- 
*' terniine the proportion which the power and 
** weight ought to have to each other, that they 
'* may juft fuftain one another, or be in aqtii' 
*•' librioy The fecond is, '* to determine what 
'* ought to be the proportion of the power and 
*' weight tb eaoh other, in a given engine, that it 
** may produce the greateft effeU poffible in a given 
*' time." . All the writers on mechanics treat of the 
firft of thefe problems, but few have confidercd the 
fecond ; tho' in praftice it be equally ufeful as the 
other. As to the firft, there is a general uniform 
rule that holds in all the powers, is founded on the 
laws of motion, and is another inftance of the 
beauty 
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beauty and harmony that refults from the fimplicity 
of the theory of motion defcribed in the laft chap- 
ter. Suppofe the engine to move, and reduce the 
velocities of the power and weight to their rcfpec- 
tive direftions in which they ad ; find the propor- 
tion pf thofe velocities i then if the power be to the 
weight, as the velocity of the weight is to the velo- 
city of the power, or, (which amounts to the fame 
thing) if the power multiplied by its velocity give 
the lame product as the weight multiplied by its ve- 
locity, this is the cafe wherein the power and weight 
fuftain each other and are in aquilibrio : lb that in this 
•cafe, the one would not prevail over the other, if 
the e;igine was at reft •, and, if it is in motion, it 
would continue to proceed uniformly, if it was not 
for the friftion of its parts, and other refiftances. 
This principle has a plain analogy to that by which 
the equality of the motions, or forces, of bodies 
was determined in general, in chap. 2. § 19. For, 
as the motions of bodies are equal, and deftroy each 
other's effed, if their directions are contrary, when 
the firft is to the fecond, as the velocity of the fe- 
cond is to the velocity of the firfl:, the greater velo- 
city of the lefler body juft compenfating its defi- 
ciency in quantity of matter ; fo the aftions of the 
power and weight are equal, and deftroy each other's 
etFcft upon the engine, when the power is to the 
weight, as the velocity of the weight is to the velo- 
city of the power. But the' it is ufeful and agree- 
able to obiervc how uniformly this principle prevails 
in engines of every fort, throughout the whole me- 
chanics, in all cafts where an a^iuiUbrium takes place; 
yet it would not be right to reft the evidence of fo 
important a doijlrine upon a proof of this kind only. 
Therefore we (hall demonftrate the law of the tequi- 
Uhrium in the lever or veSiis (which is the foundation 
of all the other propofitions of this kind in mecha- 
nics) 
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nics) by a new method, that feems to us to be 
founded on the plaineft and moft evident principles j 
to which we Ihall fubjoin the demonftration given by 
Sir Ifaac Newton of the Umt law, and that which is 
afcribed to Archimedes. 

3. In the Jirft place it is evident, thut if equal 
powers aft at equal dift&nces on different fides of the 
prop, or centre of motion, with directions oppofite 
and parallel to each other, they will have the fame 
cffedt. Thus, A B (Fig. if.) being bifefted in c, if 
a power a act upon the lever in the dircftion a f, 
and an equal power b aft upon it with an oppofite 
and parallel direftion b e, then the effcfts of thofe 
powers, to move the lever about the centre c, will 
be precifely equal ; fo that the one may be always 
fubftitiitcd for the other, A fecond principle is, that, 
gravity being fuppofed to aft in parallel lines, if the 
prop c (Fig. 19. n, i.) be between the bodies a and 
B, it muft bear the fum of their weights ; becaufe 
the lever being loaded with thofe weights, it muft 
give way if the prop does not fnftain their fum ; but 
that when the powers-A and b are on the fame fide of 
the prop or fulcrum c, (Fig. 19. ». 2.) in which cafe 
one of them, as a, muft pull upwards, while the 
other B pulls downwards, that there may be an ^egui- 
tibrium^ it is then only loaded with the difference of 
the powers a and b. The one of thofe cafes always 
follows from the other. If we confider, that in the cafe 
of the aquilibrium^ any one of the three powers that 
aft at A, B, and c, may be confidered as that of the 
prop, and the other two as endeavouring to turn the 
lever about it. From thefe principles we deduce the 
law of the aquilibriim in the lever, in the following 
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4. Suppofing firft two equal powers, a and ■ 

(Fig. 20.) ading in the direftions a f, b h, to capy 

a body c, upon the lever a b, placed at c at equal 

diftanccs from them ; it is evident, that, in this cafe, 

each of the powers a and b fuftains one half of the 

weight c, by dividing it equally between them. 

Imagine now that the power a is taken away, and 

that, inftcad of retting upon it, the end a of the 

lever refts upon a prop at a 1 jt is manifeft that the 

power B, and the prop at a, fuftain, as before, each 

one half of the weight c ; the prop now ailing, in 

every refpeft, as the potyer at a before ; and, the 

4€quilibrium continuing, it appears, that, in this cafe, 

a power b equal to one half of the weight c fuftains 

and ballances it, when the dittance of c from the 

prop A is one half of the diflance of b from the 

fame; that is, when b is to c, as c a to b a, or 

B X B A =c X c A. From this finiple inftance we fee, 

that powers ad upon a lever not by their abfolute 

force only, but that their cfFeft neccflarily depends 

upon the diftance of the point where ihey aiSt from 

the prop, or centre of motion ; and particularly, that 

a power ballances a double power which afts at half 

its diftance from the prop, on the fame fide of it, 

with an oppofice direftion. 

The cafe when the two powers aft on different 
fides of the prop, follows from this, by the princi- 
ples laid down in the laft: article. For let b h and 
CO (Fig. 21.) reprefent the direftions and forces 
with which the powers b and c aft upon the lever 1 
upon B A produced take a e equal to a c, or -|- a b, 
and in place of the power c c fubftitute an equal 
power £ K at E, with an oppofite dlrcftion ; and, by 
the firft of thofe principles, this power e k will have 
the fame effcft as c c, only tlie prop, or cencre of 
5 motion. 
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motion, a will now fiifl^n the fum of the forces 
B K and B H, by the fccond principle in the laffi 
article. But the tequilihrium between the powers b rf 
and E K will continue as it was before between b h 
and c G ; fo that the powers b h and z k will be in 
tfquilihriey when the power b h is one half of e k, 
and the diftance of s K.froni the prop a is one half 
of the diftance of b h from the fame ; that is, when 
the power at b is to the power at e, as a e to a b, 
or B X B a = B X E a. In this cafe the prop a being 
loaded with both the powers b and e which atft with 
the fame dircflion, its rea£lion muft be equal to their 
fum E K-f- B H — 3 B H, and muft be in the oppofite 
direction a f. In place of this reaftion, let us now 
(Fig. 22.) fubftitute a power a p at a, equal to 
thrice b h ; and in place of the power e k, let us 
fubftitute a prop at e, fuftaining that end of the 
lever be; and Unce the equilibrium continues as 
before, it follows, that the prop, or centre of motion, 
being at e, the power b h fuftains the power a f 
which is triple of b h, when the diftance of b h 
from the prop e is triple of the diftance of the 
power A F from the fame, that is, when b h x b e 

^ a F X A E. 

if we fuppofc the power e k to remain (Fig. 23.) 
but the end b of the lever e b to reft upon a prop, 
then the powers a f and e k will fuftain and ballance 
each other, the prop at b now coming in place of 
the power b a ; in which, a f= 3 b u, and e k = 

2 B H i fo that A F is to E K as 3 to 2 J and the dis- 
tances E B and A B being in the fame proportion, it 
appears that when two powers in the proportion of 

3 t0 2 a£t upon alever on the fame fide of the prop, 
or centre of motion, with oppofite direftions, at 
diftances in the proportion of 2 to 3, they then 
fuftain each other. We have demonftrated there- 

fore. 
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fore, that when the powers are in the proportion 
either of » to i, or of 3 to i, or of 310 2, and 
the diftances of their application from the centre of 
motion afe in the invcrfe proportion, then thote 
powers ballancq each other, or arc in aquilibrie. 

5. Upon B E produced (Fig. 25. ». 1.) take e l:=3 
E A \ and in place cf the power a f iubftitute a 
power L M IS A F, but with a contrary direftion ; this 
power L M will have the fame effcft to turn the lever 
round the center of motion e as a f had, by the firft 
principle in § 3; confequently it will be in ^quilibrio 
with the power b h, as a f was. Therefore when 
two powers l m and s h, in the proportion-of 3 to i, 
aft upon a lever with the fame direftion, they areJn 
tequilibrioy if their diftances from the centre of mo- 
tion L E and £ B be in the ratio of i to 3 ; that is, 
when lMxle=bhxbe. In this cafe, the powers 
L M and B H afting with the fame direction, the prop 
E mull fuftain their fum l M -f' b h ==4 b h, by the 
fecond principle of § 3. Therefore a power at l as 

3, and a pov»-er afting at b with the fame dtret^on 
as I, are fiiftained by a power acting at e, with a 
contrary dirediion, as 4. From which it follows, 
by fubftituting in the place of the power l m a pi-op 
at L, that a power at b as i fuftains a power at e as 

4, a<5iing with a contrary direction, when b l js ta 
EL as 4 to I i that is, when the powers are inverfcly 
as their diftances from the prop, or centre of mo- 
tion. By fubftituting the prop at b in the place of 
the power b h, it appears that a power l M at l, as 
3, fuftains a power, acting with an opfolite direc- 
tion, it E, as 4, when their diftances l b and e b 
from the prop b, arc to each other as 4 to 3, or 
when tMxtB=EKxEB. By taking upon l b pro- 
duced « se b £, (Fig. 24. ». 2.) and in place of the 
power 3X. E, fiibftituting an equal power at e with a 

M contrary 
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contrary direftion, it appears, by the firft principle 
in § 3. that a power at l as 3 fuAains a power a£t- 
ing at e* with the fame dire&ion, as 4, when the 
diftance lb is co che-diftance « b, as 4 to 3. In this 
cafe, the prop at b luftaios the fum of the powers 
ading at l and e-, that is, a power equal to feven 
■limes B H. From which it follows, by fubftituting 
4 prop at L, or d in place of the powers that aft. 
there, that a power at e as 4 foftains a power at b 
as 7, about uie centre of morion L,when their 
diftances from it £ l, b l are to each other as 7 to 
4 : and that a power at l as 3 fuftains the power 
at B as 7, about the centre of motion e, when their 
diftances from it, l e. and b «, are to each, other as 
7 to 3. 

6. By proceeding in this manner, it appears, that, 
when the powers are to each other as number to 
number, and when their diftances from the cen- 
ue of motion arc in tlic inverfe ratio of the fame 
□umbers, then the powers fullain each other, or are 
in aqufUbrio. From whigh it is eafy to fliew,, in ,ge- 
l^eral, that when the powers are to each other in any 
ratio, tho' incommenfurable, and the diftances of 
their application from the. centre of motion in the 
fame inverfe ratio, then they are in aqmlibrio ; be- 
caufc the ratio of incommenfijrable quanuties may 
be always limited, to any degree of exai5tnefs at plea- 
fure, between a greater and a leffer ratio of number 
to number. And this I take to be the moft dire£t 
and natural proof of the law of teguilibrium in the 
lever, the fundamental propofition of mechanics. 

7. When the centre of motion c is between "the 
bodies A and b, it is the fame point which was called 
their centre of gravity, chap. z. } 13. And hence 
ic appears, that when the two bodies are.fuppofed 
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to be joined by an inflexible rod void of gravity, if ■ 
the centre of gravity be fuftained, then the bodies 
lliall be fiiHained. 

If two powers, or weights, b and d, (Fig. 45.) 
a<5t upon a lever at the diftances b c and d c from 
, the centre of motion, the forces with which they aft 
upon the lever (hall be- in the fame proportion of 
B X B c to DXDc J that is, in the ratio compounded 
of the ratio of the powers, or weights, and that of 
their diftances from the centre of motion. For the 
effort of B is fuftaincd by a, if ax a c be equal to 
B X B c ; and the effort of the power d is fuftained by 
K applied at the diftance cAyifKXAC=«DXDc. 
But the efforts of the powers or weights, b and d. 
Upon the lever, are in the fame proportion to each 
other as the powers A and k, which, applied at the 
fame diftance c a from the centre of motion, fuftain 
them, or as AXActOKXAc, and therefore as bxbc 
tODxDC. From this it appears, that when any 
itumber of powers a£t upon a leVer, if the fum of 
the produdls that arile by multiplying each po^erby 
its rcipeiflive diflance from the centre of motion, oa 
one fide of it, be equal to the fum of the produda 
that arife by multiplying each power on the other 
fide of the centre of motion by its refpeftive diftance 
from it, then thefe powers fuftain each other, and 
the lever is in aquiliMo. But by what was ftiewn 
in § 13. chap. 2. the centre of motion, coincides, 
in this cafe, with what was there called the centre of 
gravity. Therefore if any number of powers or 
weights aft upon a lever, and, their centre of gra- 
vity being determined by the conftruftion in that 
article, if the prop or fulcrum be applied at this cen- 
tre, the lever fliall be in aquilibrio. In the fame' 
manner, if any number of powers or weights be 
applied upon a plane that refts upon a given right 
M 2 lin« 
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line XL, (Fig. z6.) and the centre of gravity of all 
the powers or weights fall upon that line, the plane 
fliall be in aquilibrio : for, by that article, riie fums 
of the prodiifts that arife by multiplying each power 
by its refpeftive diftancc from the axis of motion, 
being equal on ^he different fides of this axis, their 
efforts to move the plane muft be equal and con- 
trary, and deftroy each other's effcd. Therefore 2S 
the ftate of any fyftcm of bodies, as to motion or 
reft, depends on the motion or reft of the point called 
the centre of gravity, by what was fhewn above in 
the laft chapter -, fo it is another notable property of 
this point, that if the bodies be joined together, and 
to it, by inflexiolc lines void of gravity, and this point 
be fuftained, the whole fyftem fhall be fuftained and 
remain in a/iuilihrio. 

8. When any powers b and d (Fig. 25, 26.) aft 
upon a lever, endeavouring to turn it about the cen- 
tre of morion c, or when they aft upon a plane, 
cndcauourbg to turn il about the aXis of motion i l, 
their effeft is the fame as if a power or weight equal 
to their fum was fubftituted in place of them at their 
common centre of gravity n. For, by § 14. chap. 2. 

B>;Bc4-t>XDC = B + DXNc; OfifB^, Di/, NB 

be perpendicular to i l in the points b, d, », then, 
by the fame article, BXB^-f-DxD(f=B-f dxn». If 
o, thecemreof gravity of all thepowerS", or wei^ts, 
that &St upon the lever, fall on one fide of c the 
centre of motion ; or the centre of gravity of all the 
powers that aft upon the plane, is on one fide of the 
axis I L J then the prepondcrancy will be on that 
fide, and will be the fame as if, in place of all thofc 
powers, one power equal to their {am was fubfti- 
ttited at their common centre of gravity. For ic 
was fliewn that b xb c-+-dxdc— a x a C5=A+B-f''*'* 

o c, 
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G c, when the power a a£ts on one fide and the 
powers B ^nd D on the other. Therefore, as when 
the centre of gravity of the powers refts upon the 
centre of motion, the whole ,is in aquHibrio, and the 
prop c Tuftains a force equal to theirfum ; fo when 
the centre of gravity is not fuftained by the prop, 
but falls on one fide of it, the preponderancy is on 
that fide, and is the fame as if all the powers or 
weights were coUeded together at that centre. The 
analogy between thefe ftatical theorems, and thofc 
in the theory of motion relating to this centre, dc' 
fcribed in the lafl: chapter, dcferves our attention j and 
farther ilhiftrate the fimplicity of this doftrine and 
the harmony of all its pans. 

9. Sir Ifaac Newton demonftrates the funda- 
meatal propofition concerning the lever, from the 
refolution of motion. Let c fF*^. 27.) be the cen- 
tre of motion in the lever k l; kt a and b be any 
two powers, applied to it at k and l, aifting in the 
dire^ions k a and l b. From the centre of motion 
c, let c M and c n be perpendicular to thofe direftions . 
in M and n ; fuppoie c m to be lefs than c n, and 
from the centre c, at the diilance c n, defcribe the 
circle N H D, meeting k a in d. Let the power a 
be reprefented by n a, and let i:. be refolved into the 
power D G ading in the direction c d, and the power 
D F perpendicular to c d, by completing the paral- 
lelogram A F D G. The power d g, adling in the 
direflion cd from the centre of the circle, or wheel, 
D H N towards its circumference, has no effeift in turn- 
ing it round the centre, from d towards h, and tends 
only to carry it off from that centre. . It is rhe part 
D F only that endeavours to move the wheel frtfm d 
towards h and n, and is totally employed in this 
effort. The power b may be conceived to be ap- 
plied at N as well as at t, and to be wholly employed 
M 3 in. 
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in endeavouring to turn the wheel the contrary way, 
from N towards h and d. If therefore the power b 
be equal to that part of 4. which is reprefented by 
B F, thele efforts, being equal and oppofitc, muft 
deftroyeach other's effcdt j that is, when the power s 
is to the power a, as d f tO'D ji, or, (bccaufe of 
the fimilarlty of the triangles a f d, d m cj as c m to 
c D,, or as c M, to c m, then the powers muft be in 
tequilibrio; and thofc powers always fuftain each other 
that are in the invcrfe proportion of the diftances of 
their direftions from the centre of motion ; or, when 
the prodinfb of the one power multiplied by the dif- 
tance of its direftion from the centre, is equal to the 
produft of the power on the other fide multiplied by 
the like diftance from it. 

10. The dcmonftration commonly afcribed to 
'Archimedes is founded upon this principle, that when 
any cyiindric or prifmaiic body is applied upon a 
lever, it has the fame effed: as if its whole weight 
was united and applied at the middle point of its 
axis. Let a b (Fig. 2S.) be a cylinder of an uniform 
texture, c its middle point ; and it is manifeft, that 
if the point c be fupported, the equal halves of the 
cylinder, c a and cb, will ballance each other about 
the point c, and the body will remain in /eqaiUMo, 
Let the cylinder A b be diftinguiflied into any un- 
equal parts, A D and d b 1 bifoft a d in e, and d a 
in F J then a power applied at e, equal to the weight 
of the part a d, wi:h a contrary dire»5tion, will 
fuftain it ; and a power applied at r, equal to the 
weight of the part d b, with a contrary dirt<5tion, 
will fuftain that part ; fo that thefe two ' pov/crs act- 
ing at E and f, refptdively equal to the weights of 
A D and D B, have precifely the fame effe£t as a prop 
at c, fuftaining the whole cylinder a b, and may be 
copfidered as in a^uUibrs^ with a power afting at c, 

equaj 
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equal to the whole weight of the cylinder. But the 
<liftancecE=:CA — AE=iAB — 4'AD=:jDBj and, in' 
like manner, thediftancecF=CB — bf=4.ab — ^ot 
= 4- A D ; confequently c e is to c f, as d b to a d j ■ 
that is, as the power applied at ' f to the power ap- 
plied at £, thefe being in /equtlihrio with the weight 
of the whole cylinder applied at c. From which it 
appears, that powers applied at e and f, which are to 
each other in the proportion of c f to c e, fuftain one 
another about the centre c. 

1 1. Suppofc the lever a b (Fig. 29.) with the 
weights A and b, to turir round the centre c j tha 
bodies A and b will defcribc fimilar arcs xa ands^i 
and Aa will be to b^, as ca to cb, or as b 10 a ^ 
confequcntly AXAa=BxB^; that is, the momentaj 
or quantities of motion, of a and b will be equal ; 
and confidering one of them as the power and the 
other as the weight, the power will be to the weight, 
as the velocity of the weight to the velocity of the 
power. Therefore in this, as in all mechanical en- 
gines, when a fmall power ratfes a great weight, the 
velocity of the power is much greater than the velbu 
city of the weight ; and what is gained in force is 
therefore faid to be loft in time. In like manner, 
when a number of powers are fuppofed to adt upon 
the lever, and it is turned round about their com- 
mon centre of gravity c, the fums of the Utomenia on 
the different fides of c are equal. 

12. The lever, or viSiis, is commonly diftin- 
guilhed into three kinds. In the firft, the cenue of ' 
motion is between the power and weight. In thfe' 
ftcondi the weight is on the fame fide of the centre 
' of motion with the power, but applied between 
them. In the tbird^ the power is applied between 
the weight and centre of motion. In this laft, the 
M 4 ' power 
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power matt exceed the weight in proportion as its 
difiancc from the centre of motion is Ids than the 
diftance of the centre from the weight. But as the 
^rft two fcrre for producing a flow motion by a fwifc 
one; io the iaft ferves for producing a fwift'modon 
of [he weight by a flow motion of the power. It is 
by this' kind of levers that the mufcular motions of 
animals are performed i ■ the mufcles being inferred 
jnbch nearei' to the centre of motion than the point 
■where the centre of gravity of the weight to be raifed 
is applied -, fo that the power of the mufcle is many 
times greater than the weight which it is able to fuf- 
tain. Tho' this may appear at Brfl fight a difadvan- 
tage to animals, becaufe it makes their Itrength lt{% ; 
it is, however, the effeift of excellent contrivance: for 
if the power was, in this cafe, applied at a greater 
diftance than the weight, the hgutv of animals would 
not only be awkward and ugly, but altogether unfit 
for motion ; as BorelH has fhewn in his treatife de moiit 
. animalmm. 

13. When the two arms of a lever are not in a 
right line, but conuin any invariable angle at c, 
(Fig. 30.) the Jaw of the equilibrium is the fame as 
in the f -rmer cafe ; that is, if the power p be ap)- 
plied at B to the ar.n c b, and the weight w ad, by 
means of a pulley m, in the diredion a m perpendi- 
cular to the arm c a, the power and weight will 
fuflain each other if p be to w, as c a to c b, or p k 
CB=:wxcA. If feveral powers aft upon the arm 
c A, find their centre of gravity a, on the arm c a, 
by § 13, chap z. fuppofe all the powers to be united 
there ; and if the power p be to their fum, as c a 
to c b, it will fuftam them. The fum of the powers 
being fuppofcd given, i^ is manifefl. that the farther 
their centre of gravity a is removed from the centre 
of motion d the greater refiilance they will oppol^ 
againft 
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againft the power p, and it wiU require the greaier 
force in the power to overcome ihcm. From this 
Galileo juftly concludes, that the bones of animals 
are the ilronger for their being hollow, their weight 
being given ; or, if the arm c b f reprefcnt their 
length, the circle c ti d a fcftion perpendicular to the 
length, p any power applied along their length, 
tending to break them ; then the ftrength or force of 
all their longitudinal fibres, by which the adhcfion 
of the parts is prcferved; may be conceived to be 
united in a the centre of the circle c H D, which is . 
the common centre of gravity of thofe forces, whe- 
ther the feftion be a circle or anntclus. But it is plain 
that when the area of the fcftion, or the Dumber of 
fuch fibres, is given, the diftance c a is greater when 
the fcdion is an ettnulusy than when it is a circle 
without any cavity ; confequently the power with 
which the parts adhere, and which refilts ^ainft p 
which endeavours to feparate them, is greater in the 
lame proportion. For the fame reafon, the Italics of 
corn, the feathers of fowls, and hollow fpears, are lefs 
liable to accidents that tend to break them, than if 
they were of the fame weight and length, but foM 
.without any cavity. |n this inltance,' therefore, art - 
only imitates the wifdom of nature. 

14. The fame excellent author obferve.^. that in 
(imilar bodies, engines, or animals, the greater are 
more liable t;o accidents than the lefler, and have a 
left relative flrength ; that is, the greater have not 3 
ftrength in proportion to their magnitude- A greater 
column, for example, is in much more .danger of 
bcijig broke by a fall than a fimilar fmall one ; a man 
is in greater danger from accidents of this kind than 
a child ; an infed: can bear a weight many times 
greaier than itfclf, whereas a large animal, as a horfe, 
can hardly bear a burtlien equal to his own weight. 

To 
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To account for this, it will be fufRcicnt to flicw, 
. that, in fimitar bodies of the fame texture, the force 
which tends to break them, or to make them liable 
to hurtful accidents, increafcs in the greater bodies 
in a higher proportion than the force which tends to 
preferve them entire, or fecure againft fuch acci- 
dents. Suppofe the Hmilar beams a b o £, f g h k, 
(Fig. 31.) of a cylindric Or prifmaciq figure, to be 
fixed in the immoveable wall i l ; and it: us at pre- 
fent abdraft from any other force that may tend to 
breik them, befides their own weight. Bifefl: a b 
in c, and f c in m i and their weights may be con- 
ceived to be accumulated at the points c and m, 
which are direi^tly under their centres of gravity. 
For the greater facility of the computation, fuppofe 
A B = 2 F c, and conftquently the weight of the beam 
A B D E will be eight times greater than the weight 
of the fimilar beam f gh k • and the weight of the 
former being conceived to be accumulated in c, and 
that of the latter in m, and a c being double the 
didance f m, it follows, that the force which tends 
to break the former at a, being eight times greater 
than that which tends to break the latter at f, and 
at the fame time acting at a double diftancc, on both 
thefe accounts its etFort mult be fixcern times greater 
than that of the latter. Now, to compare the forces 
which tend to preferve thofe beams entire, and fixed 
in the wall, let a r e be a feftion of the greater beam, 
and F s K a fedion of the latter, perpendicular to 
their lengths at the points a and f ; bifeift a e in ^, 
and F K in y 1 then the number of longitudinal fibres, 
whofe adhetlon tends to preferve the beams entire, 
or rather the quantity of this adhefion, in the greater 
beam, will be to the quantity of adhefion in the 
lefier beam, as the area of the fedtion a r. £ to the 
area of the feiftion f sk, that is, in the prefent cafe 
(becaufe of the fimilariiy of the figures) as the fquare 
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of A E to the fquare of f k, or as 4 to i. But the 
adhefion of the parts that are in contadl with each 
other in the feflion are may be conceived to be 
acciimiilated at f their centre of gravity ; and the 
adhcfiort of the parts in conta£l with each other iff 
the fciSion f s k is to be conceived as accumulated 
in J, for the fame reafbn. The adheGon, therefore, 
which tends 10 preferve the greater beam entire is 
quadruple of that which tends to preferve the lelTer 
beam entire, and at the fame time is to b? conceived 
as afting at a double diftance from the centre of 
motion, becaufe a^ = 2 f ji fo that the effort which 
tends to preferve the greater beam from breaking, is 
eight times greater than that which tends to preferve 
the. Icfler beam entire. We have found, therefore, 
that the ctForc which tends to break the greater beam 
at A, is fixteen times greater than that which tends 
lo break the IcITer beam at r ; but that the effort, 
which, on the other hand, endeavours to preferve 
theadhefion of the greater beam entire, is only eight 
times greater than that which tends to preferve the 
adheHon in the lefler beam. In general, it will 
eafily appear, in the fame manner, that the efforts 
tending to deftroy the adhefion of the beams, arifing 
from (heir own gravity only, increafe in thequadru- 
phcate ratio of their lengths \ but that the oppofitc 
efforts, tending to preferve their adhefion, increafe 
only in the triplicate ratio of the fame lengths. 
Frora which it follows, that the greater beams muft 
be in greater danger of breaking than the Icffer 
fimilar onesi and that, tho' a Icffer beam may be 
firm and fecure, yet a greater fimilar one may be 
made fo long, as neceffarily to break by its own 
weight. Hence GaUko juftly concludes, that .what 
appears very firm, and fuccceds well, in models, 
may be very weak ancj infirm, or even fall to pieces 

by 
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by its weight, when it comes to be executed in large 
dimcnfions according to the model. 

15. From the fame principles he argues, that 
there are neccffarily limits in the works of nature 
and art, which they cannot furpafs in magnitude. 
Were trees of ^ very enormous fize, their branches 
would fall by their own weight. Large animals 
have not ftrcngth in proportion to their fize i and if 
there were any land-animals much larger than thofc 
we know, they could, hardly move, and would be 
perpetually fubjefted to moft dangerous accidents. 
As to the animals of the fea, indeed, the cafe is dif- 
ferent, as the gravity of the water fuftains thofe ani- 
mals in great nieafure, and in faft thefe are known 
to be fometimes vaftly larger than the greateft land- 
animals. Nor does' it avail againft this doiftrine to 
tell us, that bones have been tound which were fup- 
pofed to have belonged to giants of an immenfc 
fize, fuch as the fkelerons mentioned by Slrabo and 
PUir/ ; the former of which was 60 cubits high, and , 
the latter 46; for the naturalifts have concluded, on 
juft grounds, that'in fome cafes thofe bones had be- 
longed to elephants ; and that the larger ones were 
bones of whales, which had been brought to the 
■ places where they were found, by the revolutions of 
nature that have happened in paft times. Tho' ji 
muft be owned, that there appears no reafon why 
there may not have been men that have exceeded, 
by fome feet in heif;ht, the taltcft we have *fecn. 
The reader will find a curious and ufcful diffcttation 
on this fubjcft, by the celebrated Sir Hans Sloane, in 
the Philofophical TranfaStions, or in the Memoirts dt 
r'Academie Royale des Sciences^ i?^?- ^U in the 
other planets, the fame law of cohefion and other 
attractions takes place as in the earth, ic may be of 
ufe that the gravity near their furfaces fliould not be 

vaftly 
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vaftly difftrcnt from what it is near the furface of 
the earth ; it was perhaps with fome view to this, 
' tbat Sir Jfaac Newton infinviates, that it was not 
without delign and contiivance that the gravities at 
the furfaces of the planets fliould differ fo much lef> 
from each other, than, at firll light, might be ex- 
pei5tcd from the attractions of bodies of to unequal 
magnitude. 

i6. It follows, from § 14th, that, in order to 
make bodies, engines; or animals, of equal relative 
ftrcngth, the greater ones muft have grofler propor- 
tions. Thus in order that the greater cylinder 
A B D E may be as firm and fecurc againft accidents 
as the leflcr cylinder f o h k, the feftion are and 
its diameter a e muft be increafcd till the effort 
ariling from the adhefion of the parts bear as great 
a proportion to the effort that tends to overcome 
this adhelton, in the greater, ^s in the lefTer cylinder,' 
And this fentimcnt being fuggefted to us by per- 
petual experience, we naturally join the idea of 
greater ftrength and force with the groffer propor- 
tions, and the idta of agility with the more delicate 
ones. In architedure, where the appearance of fo- 
lidiry is no lefs regarded than real firmnefs and 
ftrength, this is particularly confidered, in order to 
fatisf? a judicious eye and tafte j tfie various orders 
of the columns ferving to fuggcft different degrees 
of ftrength. But by the fame principle, if wc 
ftiould fuppofc animals vaftly large, from the grofs 
proportions, a heavinefs and unwieldinefs would ne- 
ceffarily arife, which would make them ufelefs them- 
fdves, and difagreeable to the eye. In this, as in- 
deed, in all Other cafes, whatever generally pleafes 
taftes not vitiated by education, or by fabulous and 
marvellous relations, may be traced till It appear to 
6 have 
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have a juft foundation in nature; tho' the force of 
' habits is fo ftrong, and their effeds upon our fenti- 
ments fo quick and fudden, that it is often no eafy 
matter to trace, by refledion, the grounds of what 
plcafes us. 

17. We have infiflcd at fo great leneth on the 
lever, that we may be brief in treating o? the other 
mechanical powers. The common hallance is a lever - 
that has equal arms a g and o b, (Fig. 32.) \*ith the 
centre of motion c commonly placed direftly over 
a. If the centre of motion was in g, equal weights 
fufpended from a and b. would fuftatn . each other, 
in any pofition of the lever a b ; but when the cen-i 
tre of motion is above g, they fuftain each other 
when the lever a b is level only ; and when the 
weight at A is but a little greater than the weight at 
B, the ends a and b defcend and afcend by turns, 
till their common centre of gravity g fettles in the 
'Vertical line c o ; where they fuftain each other, be- 
caufe their centre of gravity is fuftained by c. The 
ballance is falfe when the arms a o and g b are un- 
equal : an,d the cxadneis of this inftrument chiefly 
depends upon making the fridion, at the centre of mo- 
tion c, as fmall as poHible. 

1 8. The axis and wheel has a near analogy to the 
lever -, the power is applied at the circumference of 
the wheel, and the weight is raifed by a rope that is 
gathered up (while the machine turns round) on the 
axis. The power may be conceived as applied at 
the extremity of the arm of a lever equal to the 
radius of the wheel, and the weight as applied aC 
the extremity of a lever equal to the radius of the 
axis ; only thoie arms do not meet at one centre of 
motion as in the lever, but in place of this centre, 
wc have an axis of motion, viz. the axis of the 

whole. 
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whole engine. But as this can prodtice no di^- 
rence, it follows that the power and weight are in 
mquilibrio when they are to each other inverfcly as 
the diftances of their direftions from the axis of the 
engine ; of when the power is to the weight, as the 
radius of the roller to the radius of the wheel, the 
power being fuppofcd to aift in a perpendicular to this 
radius ; but if the power aft obliquely to the radius, 
fubltitute a perpendicular from the axis on the direc- 
tion of the power, in the place of the radius. Thus 
if A B D E (Fig. 33.) r'eprcfent the cylindric roller, 
H p N the wheel, l m the axis oV right line upon 
which the whole engine turns, <i, the point of the 
furfaceof the roller where the weight w is applied, 
p the point where the power is applied, k q_ the 
radius of the roller, c p the radius of the wheel j 
then if the power p aft with a direftion perpendicu- 
lar to c p, the power and weight will fuftain each 
other when p is to w, as k cl to c p or c h : but if 
the power aft in any other direftion p r, let c r be 
perpendicular from c, the centre of the wheel, on 
that direftion ; then p and w will fuftain each other 
when P' is to w, as K Q_ to c R ; becaufe, in this cafe, 
a power p has the fame effeft as if it was applied at 
the point R of its djreftion, afting in a right line 
perpendicular to c r. 

19. The Jimpk pulley ferves only to change the 
direftion of the power, or motion, without any me- 
chanical advantage, or any difadvantage but what ' 
arifes from thefriftion. Let m (Fig. 34.) rcprefenc 
a fimplc pulley, p n w the rope that goes over the 
pulley from the power p to the weight w : and it is 
maniieft, that if p and w be equal, they will fuftain 
each other as if fufpended at equal diftances, m a 
and M 8, from the centre of the lever a b. But, 
if bcfidcs the fixed pulley m, there be (Fig. 35.) 
another 
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another moveable pulley l, to which the weight w 
is fixed, and the rope that goes from the power p, 
over the fixed pulley m, and under the moveable 
pulley I, be fixed above at e, then it is manifell 
that the power p fuftains only ore half of w, beCaufe 
the rope k n fuftains only one half of ir, the other 
half being fuftained by the rope k e. 

There is an obvious analogy between this cafe of' 
pulfies, and that wherein a power fuftains a doubld 
weight at half its diftance from the centre of mo- 
tion, on the ferfie fide. For if a b be ihe'diameter 
of the pulley l, at whofe extremities the parallel 
ropes'^A E and b n, touch it, the power p may be 
conceived to be applied at b, the weight w at l, and 
the centre of motion to be at a. If we fuppofe the 
power p and v^eightw to move, as p is equal to one 
half of w, fo the velocity of w is one half of the 
velocity of p, or p multiplied by its velocity gives a 
produft equal to w. multiplied by its velocity j for, 
that the weight w may be e*fevated one inch, eacli 
of the parts of the rope e k and k N muft be lh6rt- 
ened by one inch; and the power p that draws the 
whole rope from e by k and n, muft defcend two 
inches. A fimilar reafoning may be applied to all 
the combinations of pullies. 

20. "When a weight w (Fig. 36.) defcehds along 
an inclined plane a c, a pare of its gravity is fuftained 
by the reaction of the plane, and the remaining part 
prothiccs ica motion along the plane. Let ab be 
the height of the plane, b c the bafe, and the gra- 
vity of the weight w being reprefcnted by the vec- 
tical line w m, let this power be refolvcd into the 
power w N perpendicular to the plane, and w q_ 
parallel to it. The former w n is deftroyed by the 
rr::dion of the plane, and the latter w (i_ is' that 

which 
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which produces the motion of the body along the 
plane. Becaufe the triangles w q, m and a b c are 
finnilar, w q_ is to w m, as a b to a c ; and the force 
with which a body defcends along the plane is to its 
gravity, as the height of the plane to its length ; 
confcquently a force afting upon the body w, with 
the direftion q_w parallel to the plane a c, will fuf- 
tain it, if it be to the whole weight of the body, as 
A B to A c. - 

21. I-et ABC (Fig. 37.) reprefent a wedge driven 
into the cleft e d f, of which d e and d f are the 
Ci6.ts\ and if we fuppofe thofc fides d e and d f to 
re-aft upon the wedge with direftions perpendicular 
to D E and D F, let the horizontal line e f meet d f 
in f" ; then when the force impelling the wedge, fup- 
pofed perpendicular to the horizon, is in equilibria 
with the refiftances of the fides of the cleft d e and 
D F, thefe three powers are in the fame propor- 
tion as the three right lines e f, d e and d f. For 
it follows from' the compofition of motion, that 
when three powers are in aquilibrio with each other, 
they are in the fame proportion as the thfce fides of 
a triangle parallel to their refpeftive direftions, and, 
confequently, as the three fides of a triangle perpen- 

. dicular to their direftionsj fuch a triangle being 
evidently fimilar to the former. But e f is peroen- 

' dicular to the direftion in which the weight of the 
wedge, or the power that impcUs it, is fuppofed to 
a£t i and d e, d f are perpendicular to the direiliona 
in which their refiftances are fuppofed to aft, confe- 
qacntly the power that impels the wedge and thofc 
refiftances are in the fame proportion as e f, d e and 
D F. If other fuppofitions are made concerning the 
refiftances of the fides of the cleft d e and d f, the 
proportions of the powers may be determined, from 
the fam« principles. - 

N 2z. Wheo 
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22. When a point moves along the fide of a cy- 
linder, with an uniform motion, upon its curve fur- 
face, while this fide is itfclf carried with an uniform 
motion about the axis of the cylinder, the line traced, 
by this compounded motion, upon the curve furface 
of the cylinder, is called a fpiral. When this line 
is raiftd upon the external furface of the cylinder, it 
is called the external fcrew ; but if it is carried on 
in the internal furface, it is called the hternal fcreio. 
While one of thcfe is converted about the other. 
One of them ought to be fixed -, and they form a 
machine of great force for fqucezing or moving bo-' 
dies. If a power p (Fig. 38.) turn either of the 
fcrews with a direction parallel to the bafe, it will 
fuftain the weight w which is to be raifed, if it be 
to w in the fame proportion as the diftance between 
the two nearefi: fpirals is to the circumference of the 
circle defcribed by the power p j becaufe while the, 
power makes a complete revolution, the fcrew ad- 
vances by the diftance of the two neareft fpirals, 
and the velocity of the power is to the velocity of 
the weight, as the circumference defcribed by p to 
that diftance. The fame will appear by confidering 
the fcrew as an inclined plane involved about a cy- 
linder. In this tngjne the fritftion is very great. 

23. From thefe fimple machines, compounded 
ones are formed by various combinations, and fervc 
for different purpofes; in which the fame general 
laws take place, particularly that which was defcribed 
in § 3, That the power and weight fuftain each 
other when they are in (he inverfc proportion of the 
velocities which they would have in the diredions 
wherein they ad, if they were put in motion. By 
thefe the famous problem is refolved, of moving 
any given weight by any given power, provided the 

refift- 
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refiftance arifing from the friftion can be overcome. 
Ic being of great importance to diminifti this fric- 
tion, fcveral contrivances have been invented foi* 
that purpofe. In wheel-carriages the friftion is 
transferred from the circumference of the wheel 
(where it would aft if the wheel did not torn round) 
to the circumference of the axis •, and, confequently, 
is diminilhed in the proportion of the radius of the 
axis to the radius of the wheel. In thefe, therefore, 
the friftion is always diminillied by diminifliing the 
diameter of the axis, or by increafing the diameter 
of the wheel. The friftion -is lilcewife diminifhcd 
by making the axis of an^ engine to reft upon the 
circumferences of wheels that turn round with it, 
inftcad of rcfting in fixed grooves that rub upon it; 
for by this contrivance, the friftion is transferred 
from the circumferences of thofe wheels to their 
pivots j and the friftjon may be ftill diminiflled far- 
ther by making the axles of thofe wheels reft upon 
other friftion-whcels that turn round with them. It 
is hardly polTible to give general and exaft rules con- 
cerning' friftion, fince it depends upon the ftrufture 
of bodies, the form of their prominent parts and 
cdvities, and upon their rigidity, clafticity, their 
coherence, and other circumttances. Some authors 
have made the friftion upon a horizontai plane equal 
to one third of the weight 1 but others have found 
that it was only one fourth of it, and fometimes 
oftly 4 or 4 of it. Of late, authors have told ns 
that the friftion depends not on the furface of the 
body, but its weight only ; butneithcr is this found 
to be accurately true. In lelTer velocities, the fric- 
tion is nearly in the fame ratio as the velocities ; but 
in greater velocities, the friftion incrcafes in a higher 
proportion, whether the bodies arc dry or oiled. 

■ N 2 24. The 
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24. The ftxond general problem in mechanics, 
mentioned above, is to determine the proportion 
which the power and weight ought to bear to each 
other, that, when the power prevails, and the engine 
is in motion, the greateft effeit poflible may be pro- 
duced by it in a given time. It is manifeft that this 
b an enquiry of the greateft importance, though few 
have treated of it. When the power is only a little 
greater than that which is fufEcient to fuftain the 
weight, the motion is too flow ; and tho' a greater 
weight b raifed in this cafe, it is not fufEcient to 
compenfate the lofs of time. When the weight is 
much lefs than that which the power is, able to fuftain, 
it is railed in lefs time -, and this may happen not to 
be fuiBcient to compenfate the lofs arifing from the 
fmallnefs of the load. It ought, therefore, to. be 
dei:ermincd when the produdt of the weight muhi- 
plied by its velocity is the greateft poflible ; for this 
meafuirs the effeft of thfe engine in a given time, 
which is always the greater in proportion as the 
weight that is raifed is greater, and as the velocity 
with which it is raifed is greater. We ftiall, there- 
fore, fubjoin fome inftances of this kind that may- 
be demonftrated from the common elementary geo- 
metry ; wiihing that farther improvements may be 
made in this moll ufeful part of mechanics. 

25. When the power prevails, and the engine 
begins to move, the motion of the weight is at firfl: 
gradually accelerated. The aftion of the power 
being fuppofed invariable, its influence in accelerating 
the motion of the weight decreafes while the velocity 
of the weight increafes. Thus the ad:ion of a ftream 
of water, or air, upon a wheel is to be eftimated 
only from the excefs of the velocity of the fluid 
above the velocity already acquired by the part of 
4 the 
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the engine which it ftrjkes, or from their relative 
velocity.* On the other hand, the 'weight of the 
Joad that is to be elevated, and the friftion, tend to 
retard the motion of the engine 1 and when rhefe 
forces, vix. thofe that tend to accelerate it, and 
thofc that tend to retard it, become equal, the en- " 
gine then proceeds with the uniform motion it has 
acquired. 

Let A B (Fi^. 39.) reprefent "the velocity of the 
ftream, a c the velocity of the part of the . engine 
which it ftrikes, when the motion of the machine 
becomes uniform ; and c b will reprefent their rela- 
tive velocity, upon which the cffefl: of the engine 
depends. It is known that the aftion of a fluid, 
upon a given plane, is as the fquare of this relative 
velocity j confequently, the weight raifed by the 
engine, when its motion becomes uniform, being 
equal to this adion, it is likewifc as the fquare of 
c B. Let this be multiplied by a c, the velocity of 
the part of the engine impelled by the fluid ; and 
the effcft of the engine in a given time will be prb- 
portional to acxcb* ^;(ruppofing c sto be bifefted 
in d) ACX2CDX2DBSS4ACXCDXDB; confcqucnt- 
ly the effcft of the engine is greateft when the pro- 
duct of A c, c D, and d b is greaieff. But it is eafy to 
fee, that this produft is greatefl: when the parts a c, 
c D and D B arc equal ; for, if you defcribe a femicir- 
cle upon A D, and the perpendicular c z meet the 
circle in e, then acxcd = ce', and is greateft when 
c is the centre of the circle ; fo that in order that 
acxcdxdb may be the greateft poflible, a d muft 
be bifefted in c j and c s having been bifcdted in b, 
it follows that a c, c d, d b muft be equal j or that 
A c, the velocity of the part of the engine impelled 
by the ftream, ought to be but one third of a b the 
velocity of the ftream. In this cafe, when (abftraft- 
N 3 ing 
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ing from fridlion) the engine afts ■ with the utmoft 
advantage, the weight railed by it is to the weight 
that would jufl: tullain the force of the ftream, as the 
fquare of c b, the relative velocity of the engine and 
ftream, to- the fquare of a b, which woulrf be the re- 
lative velocity if the engine was quiefcenti that is, 
3S 2X2 to 3x3 or 4 to 9. Therefore, that the en- 
gine may have the greateft effed: poOible, it ought 
to be loaded with no more than 4 of the weight 
which is jiift able to fuftain the efforts of the ftream. 
Of this the re^er will find more in my Treatife af 

26. For another example, fuppofe that a given 
*ci^ht P, (Fig. 40.) defcending by its gravity in the 
vertical line, raifes a greater weight w likewile given, 
by the rope p m w (that paflcs over the fixed pulley 
w) along the inclined plane b d, the height of which 
B A is given J and let it be required to find the pofi- 
tion of this plane, along which w will be railed in 
the leaft time, from the horizontal line a d to b. L.et 
p c be the plane upon which if w was placed, it 
would be exaftly fuftained by p, and, by § 20, of 
this chapter, p Ihall be to w, as a B to b c ■, but w is 
to the force with which it tends to defcend along the 
plane b d, as b d to a b, by the fame article ; confe- 
quently the weight p is to that force, as p d to b c. 
Therefore the exccfs of p above that force (which 
txcefs is the power that accelerates the motions of p 
3nd w) is to p, as B D — b c to b d ; or, taking b h 
upon B c equal to B D, as c h to B D. But it is known 
that the fpaces defcribed by motions uniformly acce- 
lerated arc in the compound ratio of the forces which 
produce them and the fquares of the times 1 or, that 
the fquare of the time is direftly as the fpace de- 
fcribed in that time, and inverfely as the force j con- 
ftqucmly, the fquare of the time, in which b d is 
defcribed 
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dcfcribed by w, will be dlreftly as b d and inverfcljr 
as ^, and will be Icaft when ^V 's a minimum j 
that is, when "cTp 4- c h + 2 B c, or (bccaufe 2 s c 

is invariable) when -^ + ^ h is a minimum. Now 
as, when the fum of two quantides is given, their pron 
duQ is a maximum when they are equal to each other; 
fo it is manifeft, that, when their produft is given, 
their fum muft be a minimum when they are equal. 
Thus it is evident, that, as in the lall feition the 
, rcftangle or produft of the equal parts a c and c d 
was CE*; fo the reftangle or produd: of any two 
unequal parts, into which a d may be divided, is lefs 
than c K*, and a d is the leaft fum of any two quan- 
tities the produft of which is equal to c e'. But 
the product of I—, and CH is b c*, and coniequent- 
}y given-, therefore the fum of L— and c h is leaft 
when thefe parts are equal, that is, when c h is equal 
to B c, or B D equal to 2 b c. It appears, therefore, 
that when the power p and weight w are given, and 
w is to be raifed by an inclined plane, from the level 
of a given point a to the given point b, in the leaft 
time polTible, we are firft to find the plane b c upon 
which w would be fuftained by p, and to take the' 
plane b d double in lengch of the plane b c ^ or, we 
are to make ufe of the plane b d upon which a 
weight that is double of w could be fuftained by the 
power P. 

27. Let a fluid, moving wth the velocity and 
direftion a c (Fig. 41,) ftrike the plane c e, andfup- 
pofe that this plane moves parallel to itfelf in the 
direction c b, perpendicular to c a, or that it cannot 
move in any other diretftion ; then let it be required 
19 find the moft advantageous pofiuen of the plane 
N 4 c 1, 
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c E, that it may receive the greauft impulfe from 
the aftion of the fluid. Lci a p be perpendicular to 
c e' in p, draw a k parallel to c b, and let p tt be per- 
pendicular upon it in f.; aod A k |viU mcafure tjie 
force with which any particle of the fluid impells 
die pUne e c, in the dircftion c b. For the force of 
any fuch particle being reprefented by a c, let this 
force be refolved into a qjjarallel to e c, and a p per- 
pendicular to it ; and it is manifefl: that the latter 
A p only has any effed upon the plane c e. Let this 
force A p be refolved into the force a l perpendicular 
to c B, and the force a k parallel to it ; then it is 
manifcft, that the former, a l, has no elTcft in pro- 
moting the motion of the plane in the direction c b j 
fo that the latter a k, only, mcafures the effbrt by 
which the particle promotes the motion of the plane 
c'£, in the diredion c b. Let e u and e n be per- 
pendicular to c A and c p, in m and n ; and the num- 
ber of particles, moving with direftions parallel to 
A c, incident upon (he plane c £, will be as £ ». 
Therefore the effort of the fluid upon c E, being as 
the force of each particle and the number of par- 
ticles together, it will be as a kx e m ; or, becaufe a k 
is to A p (=emO as EN to c E, » ^ '' ■ c"* ' '''' i ^** 
that c £ being given, the problem is reduced to this, 
to And when £ u ' x £ nr is the greateft poflible, or a 
maximum. But becaufe the fum of e m* and of e n' 
(=c M ') is given, being always equal to c »*, it fol- 
lows that E N *xEM* is greateft when en'ss^-ci*; 
in the fame manner as it was demonftrated in § 25. 
that when the fum of a c andc a was given, acxcb *' 
was greateft when ao ^4.ab. But when en'xem* 
is greateft, its fquarcrroot enxeM * is of neceJSty at 
the fame time greateft. Therefore the aflion of the 
fluid upon the plane c e in the direction c i is great* 

eft 
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eft when bh'is^-cs*, and confequently E m * =b 

^ c E * ; that is, when £ M the fine of the angle ac e 
in which the ftream ftrikes the jriane is to the radius, 
as V^2 to v' 3 i in which cafe iteafily appean, from 
the trigonometrical taUes, that dus angle is of 
54-° 44'- 

28. Several ufeful proUems in mechanics may be 
Kiblved by what was Ihewn in the lafl: article. If 
we reprefent the velocity of the wind by a c, a fec- 
tion of the fail. of a wind-mill perpendicular to its 
length by c E, as it follows from the nature of the 
engine, that its axis ought to be turned dire£tly 
towards the wind, and the lail can only move in a 
dircftion perpendicular to the axis, it appears, that, 
when the motion begins, the wind will have the 
greateft cflfeft to produce this motion, when the 
angle ace in which the wind ftrikes the fail is of 
54.''. 44'. In the fame manner, if c b reprefent the 
direction of the motion of a Ihip, or the pofition of 
her keel, abftrafting from her lee-way, and a c be, 
the direfbion of the wind, perpendicular to her way, 
then the moft advantageous pofition of the fail c e, 
to promote her motion in the dire^ion c b, is when 
the angle ace, in which the wind ftrikes the fail, is 
of 54". 44'. The beft pofition of the rudder, where 
it may have the greateft efteft in turning round the 
fhip, is determined in like manner. And how this 
fame angle enters into the determination of the figure 
of the rhombus's that form the bafes of the celu in 
which the bees depofit their honey, in the moft fru- 
gal manner, 1 have fhewn in a letter to the learned 
and worthy Martin' Folkes^ Efqj prcfi^ent of the 
Jloyai Society. FbilefofbicalTranfaSfms, N°. 471, 
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29. But it is to be carefully obferved, that when 
the fine of the angle a c e is to the radius as v* 2 to 
V' 3. or (which is the fame thing) when its tangent 
is to the radius, as the di^nal of a fquare to its 
fide, this is the moft advantageous angle only at the 
beginning of the motion of the engine j fo that the 
faiu of a common wind-mill ought to be fo fituatcd, 
that the wind may indeed ftrikc them in a greater 
angle than that of 54". 44'. For we have demon- 
ftrattd eUcwhere, that when any part of the engine 
has acquired the velocity e, the effort of the wind 
■upon liat part will be greateft, when the tangent of 
the angle in which the wind ftri kes it is to the radius, 
not as the V 2 to I, but as V 2 +-|^ + 1^ to i, 
the velocity of the wind being rcprefented by a. 
If for example c^^a then the tangent of the angle 
ACE ought to be double of the radius, that is, the 
angle ace ought to be of 63'. 26'. If c=a then 
ACE ought to be of 74*. ig . This obfervation is 
of the more importance, becaufc in this engine, the 
velocity of the parts of the fait remote from the axis, ' 
bear a conHderable proportion to the velocity of the 
wind, and perhaps- lometimes are equal to it ; and 
becaufc a learned author, Mr. Daniel Bernoullif has 
drawn an oppofite conclufion from his computations 
in his hydrodynamics, by miltaking a airtimam for a 
tnaximum i where he infers, that the angle in which 
the wind ftrikes the fail ought to decrcafe as the 
diftance from the axis of motion increafcs, that if 
t=a the wind ought to ftrikc the fail in an angle of 
45*, and that. If the fail be in one plane, it ought 
to be inclined to the wind, at a medium, in an angle 
of about 50'. How he fell into thefe miftakes, wc 
kavc txptained elfewhere *; ' In like manner, thtf 

• Trtati/i i/FlMxitns, 5 914. 
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die angle a c e of 54*. 44'. be die moft advant^'- 
ous at die beginning of the motion, when a llitp 
fails with a fide-wind, yet it ought to be enlatged 
afterwards as the motion increaies. In general, let 
A a, parallel to c b, be to a c, as the Telocity wtiich 
the engine has already acquired in the direction c b, 
to that of the ftream ; upon a c produced take a d 
to A c as 4 to g, draw d g parallel to c b, and let a 
circle defcribed from the centre c with the radius c a. 
meet d c in ^ ; and the plane c e Ihall be in the moll 
advantageous fituation for promoting the motion of 
the engine, when it bifefts the angle a eg. It is 
generally fuppofed, that a dircdt wind always pro- 
motes the motion of a fhip, the fail being perpendi- 
cular to the wind, more than any fide-wind 1 and 
this has been affirmed in feveral late ingenious trea- 
ties i but to prevent miftakes, we are obliged to 
obfervc, that the contrary has been demonftrated in 
our trearife of fluxions, § 919 i where other inftancCs 
of this fecond general problem in mechanics are 
given, to which we refer. 

30. The mechanical powers, according to their 
different ftrufture, ferve for different purpofes ; and 
it is the bufinefs of the ikilful mechanic to chufe 
them, or combine them, in the manner that may be 
bcft adapted to produce the cfFedt required, by the 
power which he is pofTefTed of, and at the leall; ex- 
pence. The lever can be employed to raife weight* 
a little way only, unlefs the engine itfelf be moved, 
as, for example, to raife Itones out of their beds in 
quarries. But the axis and wheel may ferve for 
raifing weights from thc'greateft depths. The pul- 
lies being eafily portable aboard Qiips, are therefore 
much employed in them. The wedge is excellent 
for feparating the parts of bodies ; and the fcrew, 
for Qomprcfllng or Iqueczing them together } and its 
i great 
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great fridion is even fomettmes of ule, to prererre 
Hw effeft already produced by it. The ftrcngth of 
the engine, and of its parts, muft be proportifKied 
to the effefts, which are to be produced by it. As 
'Kre found, that, when the centre of motioh is phccd 
lietwecn the power and weight, it muft fuftain the 
Tuth of their efforts 1 a fmall ballance ought not to 
'be employed for weighing great weights ; for thefc 
diforder its (Irudure, and render it unfit for ferving 
that purpofe with accuracy. Neither are great en-, 
gines proper for producing fmall effeifb : the detail 
of which things muft be left co the Ikilful and expe- 
rienced mechanic. 

31. But, befides the raiftng of weights and over- 
coming refiftances, in mechanics we have often other 
pbjefts in view. To make a regular movement, 
that may ferve to meafure the time as exadly as 
poQible is one of the moil valuable probkms in this 
fcience ■, and has been moft fuccefsfuUy effefted, hi- 
therto, by adapting pendulums to clocks ; tho* many 
ingenious contrivances have been invented to corrcft 
the irregularities of thofe movements that go by 
fprings. Some have endeavoured to find a perpe- 
tual movement, but without fuccefsrand there is 
jground to think, -from the principles of mechanics, 
that fuch a movement is impoil^le. In many cafes, 
when bodies a£l upon each other, there is a gain of 
abfolute motion ; but this gain is always equal in op- 

rfite direftions, and the quantity of direfl: motion 
never incrcafed. To make a perpetual move- 
,inent, it appears neceflary that a certain fyftem of 
bodies, of a determined number and quantity, Ihould 
move in a certain fpace for ever, and in a certain 
way and manner ; and for this, there muft be a feries 
of aiSions returning in a circle, to make the move- 
fnea( Continual j fo that any a<5tton by which the ab. 
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foluce quantity of force is incmfed, of whicH there, 
are feveralforts, muft have its correfponding counter- 
action, by which that gain of force is dcftroyed, and 
the quantity of force reftored to its firft ftatc. Thus, 
by cheic a£Hons, there will never be any gain of 
dircft force, to overcome the fridtion and the re- 
liftaace of the medium. But every motion will be * 
abated, by thefe refiftances, of its juft quantity; 
and the motions of all mull, at length, languifh and 
ceafe. 

32. To iUuftratc this, ir is allowed, that, by the 
rcfoluCtOD of force, there is a gain or increafe of the 
abfolute quantity of force ; as the two forces a b and 
A D {Fig. 2.) tsjien together, exceed the force a c 
which is refolpcd intothcm. But you. cannot pro- 
ceed refolving motion in infinitum, by any machine 
whatTocver ; but thole you have refolved muft b? 
again compounded, in order to make a continual 
movement, and the gain obtained by the refoluticHi 
will tte loll again by the compolltion. In like man- 
ner, if you fuppofe a and b (Fig, 42.) to be pcr- 
fe&ly elaftic, and thiU the lefTer bcKly a ftrikes b 
quicfcent, there will be an increafe of the abfolute 
qiunuty of force, bccaufe a wilt be reflected; but 
if you fiqi[K>fe them both to turn round any centre 
c, after the ftroke, fo as to meet again in a and ^, 
this increafe of force will be loll, and their motion 
will be reduced to its firft quantity. Such a gain, 
therefore, of force as muft be afrerwM-ds loft in the 
anions of die bodia can never produce, a perpetual 
movemem. Tliere are various ways, befides thefe,- 
by which abfolute force may be gained ; but fince 
there is always an equal gain in (^polite direSions» 
aad no increale obtained in the fame direftion i. In 
the circle x)f a£tiona neceflary to make a perpetual' 
niovement, this gain muft be prefently Joi^ and 
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will not feire for the neceffary cxpcnce of force em- 
ployed in orercoming fri6lion and tlie teliftancc of 

33, \Vc are to obfcrvc, therefore, that tho' it 
could be ihewn that in an infinite number of bodies, 
or in an infinite machine, there could be a gain of 
£3rce for ever, and a motion continued to infinity, 
it docs not therefore follow that a perpetual move- 
tnent can be made. That which was propofed by 
Mr. LeihmtZy in Auguft 1690, in the Leipfick afts, 
as a confequence of the common eilimadon of the 
forces of bodies in motion, is of this kind ; and, for 
this and other reafons, ought to be rejef^. It is, 
however, necefiary to add, that tho' on many ac- 
counts, it appear, preferable to meafure the forces as 
wdl as motions of bodies by their velocities, and not 
by the Iquares of their velocities ; yet, in order to 
produce a greater velocity in a body, the power or 
caufe that is to generate it mull be greater in a higher 
propOTtion than that velocity ; becaufe the a£tion of 
the power upon the body depends upon their relative 
motion only ; fo that the whole aftion of the power 
is not employed in producing motion in the body, 
but a conuderable part of it in fuftaining the power, 
fo as CO enable it to aft upon the body, and keep up 
with it. Thus the whole action of the wind is not 
employed in accelerating the motion of the fhip, 
tiut only the excefs of its velocity above that of the 
iail on which it ads, both being reduced to the fame 
direftion. When motion is produced in a body by 
fprings, it is th<^ lalt fpring only which aifts upon the 
body by contaft, and the reft lervc only to fultain it 
in its a£tion ; and hence a greater number of fprings 
is requifite to produce a greater velocity in a given 
body, than in proportion to that velocity. A double 
power, like that of gravity, will produce a double 
motioa 
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ouon in the fame time ; and a 
1 elaltic body may produce a 
locher of the fame kind. But 
ipulfes, a&iag on the fame bod 
motion in it double of what a 
r the firft imptilfe ; bccaufe the 
rceflarily a lefs eScA upon the 
ady in motion, than the firft i 
[)on it while at reft. In like n 
lird and founh impulfe, the t 
Fedt than the fecond, and the 
lird. From this it appears whs 
lake to a fpecious argument thai 
le poflibility of a perpetual moti 
B (Fig. 43.) be divided into ft 
D, ,D E, E B : fuppofe the body 
efcent a c, a velocity as i; and 
antrivance to be tranfmittcd to 
len let the body a, by an eqt 
uire another motion as 1, to be 
) the fame body b, which in this 
) acquire a motion as 2, that i 
upwards from b to a i and b 
lain the motions which a acqu 
E and E B, that may be fufficien 
1 motion, while b and a afce 
jrns, it is hejice concluded that 
jrce may be obtained in this m; 
uce a perpetual movement. I 
'hat has been ftiewn, that a mo 
reduced in b, by the two fuccd 
lifted from A, each of which is i 

Some authors have propofec 
ucing a perpetual movement, 1 
Jte them ; but, by miftaking 
avc rather confirmed the unlkil 
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Ie& ocpcAadons. An inftance of this we have in 
Dr. ff^ilkim't Matiematicat Magick^ hook 2. chap. 13. 
A load-ftonc at a (Fig. 44.) is fuppofed to have 3 
lufficrent force «> bring up a heavy body along the 
plane p a, from f to b ; whence the body is fuppofed 
to defcend by its grainty, along die curve b e f, till 
it return to its UtA place f ; and thus to rife, ^ng- 
the plane f a, and defcend, along the curve b z p, 
cononually. But fuppofing b z e to be the, furfsce 
upon which, if a body was placed, tfte attraction of 
the load-ftone and the gravity of the body wouH' 
balance each other, Chis furface fball meet b e f at 
fome point e betwe«i a and f, and the bocfy nrnft 
ftop in dcfccnding along a £ p at the point k. 

G H A P IV, 

Of the coUiJlm of bodies. • 

i.'nr^HO' the laws of motbn and principles (^ 
\_ mechanics are fufficiently explained and' 
eftablHhed in the preceding chapters, it »riU be of 
ufc, before we proceed to apply them to ful^dis of 
a higher nature, to confider the moft fiinple and- 
obvious motions and phenomena that are derived- 
from them j by which they may be farther tried and 
examined, and our methods of reafoning from thcm- 
juftified : and thefc are the motions which are pro- , 
duccd by bodies impinging upon one another, which; 
fall frequently under our obfcfvation, »id can be re- 
peated by us in experiments. It is always fromthe^ 
mod fimple kind of phenomena that we can trace 
with the greateft certainty the analyfis of the laws 
of nature j from which we afterwards may proceed 
to fach as are more complicated and abflrufe : but it 
would -be contrary to the rules of good method ta 
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begin with the latter. It would be very prepofte- 
rous, for examnic, rn defining or afcertaining the 
true notion of the inertia cf body, to begin with 
chymical experiments concerning fermentation, the 
folutions of bodies by menftruums, the phenomena 
of generation and corruption, or others of that com- 
plicated kind. If we j)iould begin with fixing our 
attention on tficfc, wc fliould be apt to afcribe to 
body an activity which is really repugnant to its na- 
ture. It is from obfcrvations and experiments con- 
cerning the fenfible and grofs bodies; that we mufi: 
acquire our knowledge of the firfl: principles of this 
fcience. The dodtnne of the coliifion of bodies was 
very plain and clear, and deduced in a fatisfaftory 
manner from the laws of motion, before fome late 
authors endeavoured to cloud it, by introducing 
abftrufe notions into it, in favour of their new doc- 
trine concerning the eftimation of the forces of bo- 
dies in motion. But we fliall have no regard to 
thefe 1 and Ihall endeavour to deduce it, in a plain 
and fatisfailory manner, from the principles efta- 
bliflied and illuftrated in the fecond chapter. 

2. Bodies have been commonly diftinguifhed into 
three forts. Thofc are called pcrfeftly bard whofe 
parts yield not arall in their collidons, but arc abfo- 
lutely inflexible; and fuch the laft elements of bo- 
dies, or atoms, are fuppofcd to be. Thofe are 
called _/o// whofe parts yield in their collifions, but 
reftorc not themicives again towards their firlt puli- 
tions. Thofe are faid to be elaftic which yield in 
their collifions, but reitore themlelves fo as to reco- 
ver their nrfl: fituation -, and they are friid to be per- 
fcftly elaftic, when they reftorc themfelves with the 
fame force with which they are comprefied. Tie 
aftions of perfei5tly hard v.r inflexible bodiijs on one 
another arc confum-mated in a moment : and, as 
O thcie 
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thtre is no fpring, nor any force, to feparate them, 
. they muft go on together after their coliifion as if 
they formed one body. Buc when an eiaftic body is 
A&td on by any force or power, its parts yield aC 
firtt, and afterwards reftore thcmfelves by degrees ta 
their firft fituaiions. There is a time required for . 
this, which may be diftirigiiiflied into t*o portions j 
the firft is the time during which the parts yield and 
become more and more comprefled i the other is 
the time during which they reftore themfcivts to their 
firft fituations. When two fpherical elaftic bodies 
meet, at firft they touch one another in a point, but 
iheir contact gradually increafes, as the parts that 
touch and prcfs on one another yield, till their great- 
eft compreffion : and afterwards thefe parts recover 
-by the fame ftcps, tho' in a contrary order, their firft: 
fituations. The anions of elaftic bodies may be ex- 
plained by imagining fprings. k l placed betwixt hard 
bodies A and b (Fig. 14.) ■, for the fprings muft have 
the fame effcft in this cafe, as the elafticity of the 
parts of the bodies in the other cafe. If a move 
towards B and comprefs the fprings, and, by ttteir 
mediation, aft on b, the fprings will become more 
and more compreffed, till the twa bodits hive equal 
velocities in the fame direftion ; and then, no force 
aifting on the fprings, they will have liberty to b^n 
to expand themfelves 1 ' which they will do by the 
fame degrees as they were comprefled, in a contrarf 
Order : and this is the fecond period of the aftitw of 
the bodies on one another. In the firft period of the 
aftion of elaftic bodies, or of bodies afting by the 
intervention of fprings, the fame effefts are produced 
as if the bodies were pcrfcAly hard. At the ead oi 
this period the refpeftive velocity of the bodies is 
deftroyed, and in the iptlant when it ceafes the Se- 
cond begins, the velocities of the bodies ia the fame 
direftion being now equal. In this fecoiid period of 
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tbe aftion of the bodies, if the clafticify is perfeft, the 
rprings expanding thcmfelves by the lame force with 
which they vrcre compreflcd, the bodies muft be fe- 
parated with a rcfpeaiTc velocity equal to that they 
had before their coUiQon ; and whatever motion was 
added to, orfubduftedfrom, either body, in the firft 
period, as much will be added to, or fubduftcd from . 
it, in the fame direftion, in the fecond ; fo that there 
will be twice as much force loft, or twice as much 
gained, by either, as if the bodies had been perfectly 
fiardi 

3. The effeds produced in the firft period of the 
a£tion of bodies that have an imperfect elafticity are 
the fame as when the bodies arc perfeAly elaftic ; 
but, bccaufe their parts recover their firft fituations 
with Icfs force than that whereby they were difplaced 
ftom themj there is left force loft or gained in the 
iecond than in the firft period. There is, however, 
a conftant proportion obferved between what is loft 
or gained in thefe two periods, in the fame fort of* 
bodies ; fo that there is a conftant proportion be- 
tween their rcfpcdtive velocities before and after their 
coUifion. In glals, for example, this proportion ti 
obferved to be that of 16 ro 15* 

4. In foft bodies, whofe parts yield fo as not to 
reftore themfeWes at all to their firft fituations, the 
dftions muft be the fame as in the firft period of per- 
feAlyetaftic bodies, and the fame as in perfe£Hy hard 
bodies. By their collifion their refpeftive velocity i« 
deftroyed, the inertia, or refiftance of the parts, 
having the fame effeA in this caic, as their Ipring in 
the other. After the collifion they go on together 
as one mafs, there being no fpring to feparate them. 
Bccaufe the parts yield, in their tollifiofts, certain 
philofophers have imagined that feme fon;e nuift bt 
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loft inproducing this e£Feft : but there is no morion 
communicated to any one part that it can lofc with- 
out communicating it -to others j a body moving in 
a fluid iofes no force but what it communicates to 
the parts of the fluid ; and a body afting upon a fofc 
body can lofe no force but what fnuft be communi- ' 
cated to the parts of that body, which therefore muft 
be accumulated to the force of the whole. The 
parts are indeed moved out of their firil places, but 
this can produce no lofs of force ; for it is manifcft, 
that if A move and ftrike b, (Fig. 45.) and make Ic 
go into the place hy and there ftrike c, fo that it re- 
main itfelf in the place ^, ail the force which a had 
at firll muft be ftill found in a or c, and there can 
be none loft or confumed in carrying b from its firft 
place B, to its laft place ^, fince a loft nonc-but what 
It gave to B, and B could lofe none, but what is 
communicated to c. There can be no force loft in 
this cafe more than if b had ftruck c in. its firft place 
B, nor would there be more force loft in b moved 
twice or thrice as far before it ftruck c. In like man- 
ner, when a body afts upon a foft body and- moves 
its parts out of their places, the force which the firft 
body Iofes is employed in moving thofe parts indeed, 
by which they acquire whatever is loft by it, and lofe 
none of what they thus acquire, but by communicat- 
ing to other particles ; nor is it of moment how- far 
they are moved from their places, but what force is 
communicated to them, which it is not poflible to 
conceive they can lofe by merely moving out of their 
places, but by afting on. other particles, 

5. This will ftill be found true, tho' you fuppofc 
the particles of the foft body to cohere withfome 
certain degree of force.. That cafe may be explained 
by fuppofing particles, b, c and d, (Fig. 46.) ct>- 
hcring by a ftring.of a certain degree of ftrength,' 
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and that a impelling c changes the fituation of the 
particles with refpetfl to one another. In this ctife, 
A will lofe no force which will not be all communi- 
cated to c, but fomc part, by mediation of the ftring, 
muft be imprinted on b and d, and all that a lolcs 
and is not given to c, muft be communicated to b 
ando, if we fuppofe the itring intinitely fine, or ab- 
firafb from its inertia, and reckon all the force in the 
fame direftion. It is true the ftring will be ftretched 
Hy the force which is at firft imprinted on c, but as 
c can lofe none but what a and d receive, there can 
be no force loft from that caufe 1 and, if the ftring 
fliould break, the only confcquence can be, that 
there will be no more force communicated from cto 
B and D after that happens. From the equality of. 
a£tion and reaAion it follows, that the ftring a£ts 
equally on c and b, and on c and d ; fo that it adds 
as much force to b and d as it takes from c ; and, 
as this is always true, it muft hold in the inftant 
when the ftring breaks, as well as before : the co- 
hcfion of the pardcies, therefore, can be the occaGon 
of no lofs of force, taking in ailihat are affedled in 
the collifion, and there appears no ground for fup- 
pofing that any force is confumed, in making the 
pans of foft bodies yield, but what is acr.umuiated 
to the whole mafe of body, while its parts continue 
all together. 

, 6. Thefe things being premifed, firft let the bo- 
dies A and B (Fig. 47, ) be fuppofed void of elafti- 
city, let c be their centre of gravity, and let a d and 
B D reprefent their velocities before the ftroke. Then 
fuppofing the ftroke to be direft, after it they will 
proceed together as forming one mafs, and their cen- 
tre of gravity being, carried along with them, their 
common velocity will be the fame as the velocity of 
that centre, which (by § 15. chap. 2.) is the fame 
... O 3 after 
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after the {troke as before it. But while the bodies 
defcribcd a d and b d before the ftroke, their centre 
of gravity moves from c to d, the [place where they 
meet, of the one overtakes the other ; therefore the 
common velocity of 4 and b after the ftroke is mea- 
furcd by c D, their velocities before the ftrcke being 
reprcfenied by a d and b d reipeftively. The right 
line c D lhew:s the direj^lion as well 9s the velocity of 
their motions' after the ftroke ; for it is always in thd 
dircftion from c to d. If d fall upon c, then c p 
vanilhes, and their motions are <fcftroycd by the 
ftroke. This propofition ferves for determining the 
frafes when the bodies are either perfedly hard, oc 
perfectly foft. 

f. But if the bottes are perfeftly elaftic, take c a 
equal to c D in an oppofite direflion ; and the velo- 
cities of A and B after the ftroke, with their direc- 
tions, will be reprefcnted by e a and e b refpedively. 
For the change produced in their motions by the 
ftroke, being, in this cafe, double of what it was in 
the former, by § 2 ; and the difference, of a d and 
c D (the change produced in the velocity of a in the 
former cafe) being equal to the difference of c d, or 
c E, and E a, it follows that the velocity of a after 
the ftroke is meafured by e a ; and the difference of 
z B and CD, or c e, viz. c b, being equal to the dif- 
ference of c D and B D, it follows, that.E b is the ve- 
Jocity of B after the ftroke. If b have no motion 
before the ftroke, let a b reprefent the velocity of a, 
take c E equal and oppofite to c b, and e a, e b, will 
reprefent the velocities of a and b afrer the ftroke 1 
in which cafe, the velocity of a before the ftroke is to. 
the velocity of b after it, as a b to e b, or 2 c b ; that 
is, as one half a b to c b, and therefore (by. the 
property of the centre of gravity) as half the fum of 
^he bodxs a and b to a. 
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From this thewem, all the cafes relating to the 
motion of bodies that have a perft:6t: e)afticity may 
be immediately deduced, for example, if the bo- 
dies A and B be equal, then c a s= c b, and fmce c £ =s: 
c D, it follows th»t E A ^ B D, and e 9 :» a d ; that 
is, tbfi bpdies axchange their velocities by the Aroke. 

8. But if the plafUcity of the bodies is imperfe^, 
take c E (Fig. 48. ». i.) equal and oppofue to c p, 
but c is lefs than c a, 9iid c ^ iefs than c b, in the 
iame proportion as their elaftjcity is lefs than a per- 
fed ela&icity ; and the right lines e a and e i will re- 
prefent their velocities after the (Iroke, by ^ 3 r bc- 
caiife if we diftinguifh the time in which the bodies 
aA upon CAcb. ckther into two periods, as in that ar- 
ticle, the cffeft produced in the fecond period will bp 
lefs than the effeft produced in the firft period, in 
that ratio. In this c^fe their refpeflive velocity after 
the itroke is reprefejited by a b, and is to their re- 
fpefiivevelocity before the ftroke, as s^tOAB. In 
gUfs, Sir Ifaat Ntwton fo^nd this ratio to be that of 
15 to 16, as was obrervcd above i confcqucntly in 
determining the eiFeft of their coUifions, we are to 
taJM c a s; 44 *^ ■*» *"<^ c ^ = 44 c a. 

9. If motion be communicated, in this manner*, 
from 8 body a to a feries of bodies in a geometrical 
progrcfliop, then the velocity fucccffively communi- 
C4ted to thofe bodies will be likewile in a geometri- 
cal prc^eflion 1 and if a and b be the two firit bo- 
dies, the commtui ratio of the velocities wiU be that 
of half the fum of a and b to a 1 th^t is, if the bo- 
dies A, B, be reprefentcd by the right lin<;s a and 
hy (Fig, 48. ». 2.) and a b he bifcded in «, the 
common ratio of any two ftibCequent velocities in 
the progrtffion will be that oS oe t» ? a i »nd if j* 
O 4 repro; 
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reprcfent the number of bodies without including 
the firft A, the velocity of the laft will be to the velo- 
city of the firft, as the power of c a whofe exponent is 
It to the fame power of e f. 

10. Any three bodies being reprefented by <? a, 
e b, and o d, take e fto e d, -as e a is to « ^ ; then 
fuppofing the motion to begin from the firft o a 
(which was fuppofed to ftrike e b quicfcent, and ' o b 
afterwards to ftrike e </quiefcent) the velocity com- 
municated in this manner, to the third fhall be to 
the velocity of the firft, as a n is to one fourth part 
of the fum oi a, b-, o /, and o d. For the velo- 
city of the firft oaisio the velocity of the fecondoi, 
as the fum of o « and obto 200; the velocity oi e b 
is to that of t/, as the fum oi e b and edta lo b; 
xonfcquently the velocity of the firft e a h to the 
velocity of the third od, in the compound ratio of 
a ■\-ob to 2 oaandof o^ + Oi^t02 ob, thatis, (fincc 
e a, ob; of, d, are proportional, fo that s'isto oby 
. as a + (3/10 cb-^od, and ea-\-6b to pi, as the fum 
ofoa, ob, e/, nm^od to ob-\ ed)zi the iKtmoioa, 
b, of, and d is to 4.0 a. Hence the velocity of 
e a being given, the velocity communicated to d is 
jnverfely as the fum oi oa, o b, /, and a d, and is 
greateft when this fum is leaft 1 that is, \i oa and d 
•be given, when b and «/ coincide with each other 
and with k the mean proportional between e a and 
e d. Therefore the velocity comniunic&ted to e d\& 
greateft when e b, the body interpoled between e « 
and e d,h& mean proportional between them. This 
■is one of Mr. Huygem's theorems ; from which it 
follows, that the more fuch geometrical mean pro- 
portionals are interpofed between a and d, the 
greater is the velocity communicated to c d. There 
is, however, a limit which the velocity communi- 
cated to ad never amounts to, (the bodies a, o'd^ 

.and 
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and the velocity of s a before the ftroke, being given) 
to which it approaches continually, while the num- 
ber of fuch bodies interpofed between a and d \t 
always incrcafed. And this limit is a velocity which 
is to the velocity of the firil: a before the ftroke, ia 
the fubduplicate ratio oi axa 9 d\ as we have dc- 
monftrated in our jfoxf'osj, §5i4' 

II. The fame principles will ferve for "detenranr 
ing the efife&s of the coUifions, when a body ftrikcs 
any number of bodies at once, in any directions 
whatever. Let the bodies firft be perfectly hard and 
void of f l^icity, and the body c (Fig. 49. ) moving 
izi- the direction c d with a velocity reprefented by 
c D, flrike at once the bodies a, b, e, l^c. that are 
fuppofed at reft before the ftroke, in the dircfiions 
c F, c H, c K, &c, in the fame plane with c d, and 
let D n, D ^, D r, be perpendicular to c f, c h; c k, 
in a, b, and e, refpedtively. Determine the point 
p where the common centre of gravity of the bo- 
dies c, A, B, E, i^c. would be found, if their cen- 
tres were placed at rbc points c, «, b, f, t?f. re- 
fpeftively, (by § 13. chap. 2.); join d p, and c l 
parallel to d p fhall be the direction of the body c 
after the ftroke. Let p b, perpendicular to d p, meet 
c D in R, and d l, perpendicular to c d, meet c l in 
L i then if c L be divided in o, fo that c o be to c l 
in the ratio compounded of that of c d to c r, and 
that of the body c to the fum of all the bodies, the 
velocity of c after the ftroke will be reprefented by 
c G V that is, the velocity of c after the ftroke will 
. be to its velocity before it, as c c is to c d. Lee 
ofyOb, and G it be . refpeftively perpendicular to 
■c F, c H, and c k, in/, b, and k j and the velocities 
of A, s, and E, after the ftroke, will be reprefented 
t>y c/, cbf and ck. 

t But 
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But if we now fuppofe the bodies to be petfeftly 
cl^ic, or the relative velocities, before an4 aftji^r 
the ftroke, to be alwsys equal when mcsfDred on t^ 
iame ri^jht line -, produce p g till d ^ b? cquA) %a 
2 D o, join c^, aud the body c will dcfcnbe c^ 
after the ftroke, in tiic fame time that it would have 
defcribcd a right line equal to c d, before the ftroke. 
Andt in like manner, the motions are 'determined 
when the elafticity b impeifeA, if the relMive velo* 
city after the ftroke is always in a given ratio to tl\ft 
relative velocity before it in the lame right line. 
Mr. BemouUi has relblved only a very limiiscd qn^ 
of this problem, in his EJ/irf on motion, Paris 172$ j 
for he fuppofes the bodies to be periw^Uy cl^ic, and 
that, for each body on one fide of the Une of direc- 
tion c D, there is always «i equal body pn thp other 
fide, that is impeird in a right line forming an cqu4 
angle with c d » fo that the body c moves witji the 
fame diredion after the ftroke as before, Th? tolui 
tioa o£ this particular cafe, (which he reprelents as a 
matter of uncommon difficulty, and magnifies as t^p 
fruit of the new dotf^rine concerning {he force; ipf 
bodies) he derives from this principle, '^ ijhAt the 
fum of the bodies multiplied by the fquates of their 
velocities is the fame before and after the ftrpke i*" 
which principle, however, had never been dcmon- 
ftrated by him ; for it cannot be conTidered fis an 
immediate confequence of the equality of a^ipp angl 
re-adion, as he too haftily concluded, by what was 
Ibewn above. But the folution of thefe and pdier 
problems of this kind is derived, in a natliral, eafy, 
and general manner, from the laws concerning the 
fum of the motions of a fyftem of bodies eftimated 
in a given dire&ion, and concerning the motion (^ 
their centre of gravity, which is. never a&i5ted by 
their colUfions, 
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la. The fame things iieing fuppofed as in J 7, 
becaufe c e = c », (Figt 47.) it follows that a d*— * 
A B*s=4c Exc a; and that eb' — bd*=s4C£xcb. 
But AX4CEXCA=BX4CEXCB, by the propcitjT of 
the centre of gravity c : therefore axad*—axae* 

= BXU*— BXBD*, or AXAD* + BXBD*asAXAB* 

4-B XE B* ; that is when the bodies are perfeftly 
flaftic, the lum arifing when each is multiplied hj 
(helquare of hs. velocity, is the fame after the ftroke 
as before it. The lame things being now fuppofed 
as in the laft article, le( d q.,^ 5?, / m, i «, it r, be 
perpendiculars w c g, in <!^, j, w, », and r j then 
the reftanglcs contained by c jb and c g, c » and 
C G, c r and c c, will be refpeftively equal to the 
fquares of c /, c k^ find c k. If the bodies c, a, 
B, E, be fuppoied to have no elafticity, their veto- 
pities after the ftroJte will be rcprefented by c c, c /, 
c h, and c i, the velocity of c before the ftroke being 
rcprefented by c d, becaufe, in this cale, no relauve 
velocity is generated by the ftroke in their refpeftive 
direftions; and thefum ofAxco^, pxc», Excrii 
pqual to c X G Q_, becaufe the fum of the motion* 
"Which would be communicated to a, b, and e, in the 
dirciSion c c, is equal to the motion which c would 
lofe in the fame direction, by § 4. chap. 2. There- 
fore the fum of A X c/*, b x c />', e x c ** is equd 
tocxCGxGQj and to thefe if we add c xc o ', the 
fum of all thf bodies multiplied by the fquares c£ 
their velocities in this cafe would becxcoxcQ^ But 
when tlu: bodies arc fuppofed to be pcrfeflily elaftic, 
the velocities of a, b, and e, are to be rcprefented 
^y 2 c/, 2. <: ht and 2 c*, refpeftively ; the liim of 
AX4c/', BX4ci' and e x 40* *, i» equal to 
c X 4 c G X G Q^or (Ekm. 8. 2.) c x c qJ — c x c f ' ; to 
whichif we addcxc^' (orcxcj*4-cxDQ^)thc 
yhole fum of the products, when each body is mul- 
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tiplied by the fquare of its velocity, is equal to c x 
c D* V and confcqucntly the fame after the^ftroke as 
it was before the ftroke. When therefore the bodies 
arc void of clafticity, this fum, is, Icfs after the ftroke 
than before it, in the ratio of c g x c <i_to c d *, or of 
c G to c L, L being the point where l d perpendicu- 
lar to c d meets c o. And when the bodies a, b, e, 
move, before the ftroke, in direftions' different from 
thole in which c a£ts upon them, the propofition 
vrill appear by refolving their motions into, fuch as 
are in thofc diredtions (which alone arc affefted by 
the ftroke,) and fuch as are in perpendiculars to thofe 
directions, from EUm. 47. i. This propoCtion 
iJkewife holds when bodies of a perfeft clafticity 
Jlrike any immoveable obftacle as well as when they 
ftrike one another, or when they are conftrained, by 
any power or refiftance, to move in direftions dif- 
ferent from thofe in which they impell one another. 
But it is manifeft, that it is not to be held a general 
principle or law of motion, fince it can take place in 
the coilifions of one fort of bodies only. The folu- 
tions of feme problems which have been deduced 
from it may be obtained, in a general and direft 
manner, from plain principles that are univerfRJiy 
allowed, by determining firft the motions of hard 
' bodies, which are fuppofed to have no clafticity, and 
thence deducing the folutions of other cafes, when 
the relative velocities before and after the ftroke are 
equal, or in any given ratio. 

13. From what was Ibewn in the laft article, we 
are led to the principle, which, by Mr. Huygens, was 
called the tonfervath vis afcendtntis. It is well 
known, and was proved in § 11. chap. j. that' the 
heights to which bodies wilf rife againft the dtre& 
refiftance of an uniform gravity, arc as the fquares 
of the velocities with which they fct out. In the laft 
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article we found that the fum of the produas, when 
the bodies are multiplied by the fqiiares of their ve- 
locities, is the fame after as before the ftroke j pro- 
vided the bodies be perfeftly elaftic. If, therefore, 
we fuppofe the motion of the bodies to be -turned 
upwards, in vertical lines, the fum of the produfts 
when each body is multiplied by the height to which 
it wtiuld arile is the faine after as before the ftroke. 
But by the property of the ccntreof gravity, in § 15, 
chap, 2. the fum of the products of the bodies 
multiplied by thofe heights is equal to the produft 
of the fum of the bodies multiplied by the height to 
which their centre of gravity would arife. There- 
fore when the motions of bodies are fuppofed to be 
converted upwards in vertical lines, before or- after 
their collifi<ms, their common centre of gravity will 
always arife to the fame height ; and that is what is 
meant by Mr. Haygens when he tells us the vis 
afcendms of any fyftcm of bodies is not affected by 
their coltilions or mutual ailions, provided they be 
perfedly elafticj for if they are foft bodies, or have 
an imperfed elafticity (which indeed is the cafe of 
all bodies we have accefs to examine,) then it is ob- 
vious that by their colliGons their motions are often 
diminifiied, and fometimes totally deftroyed ; fo that 
the centre of gravity will necefiarily arife to a lefs 
height after their collifion than before it, if the md- 
lions of the bodies be fuppofed to be converted up- 
wards in vertical lines. 

14. When bodies arc moved by their gravity, and 
' at the fame time aft upon each other, it will ftill be 
found, that the fum of the produfts that arife when 
each body is multiplied by the fquare of the velocity 
acquired by it, is eqoalto the difference of the fum 
of the jM-crtludls of (hofc that defcend multiplied. by 

the 
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die Iquares of the' velocities that would have beeit 
acquired' by the fame defcents, if the bodies hid 
fallen freely without adjng upon each other, and of 
the fum of the produfb of the bodies that afcend 
multiplied by the fqiiares of their refpe£tive veloci- 
ties that would be acquired by falling freely along 
the refpedive altitudes to which they have arifen % 
provided that the elafticity of the bodies be perfect i 
or if it be imperfeA, that there . be no o^ifion, or 
fudden communication of motion from one body to 
another. For if the rcladve velocities in their re- 
fpedive directions be le& immediately after that 
adion than before it ; in thofe cafes, the fum of the 
produds of the bodies multiplied by the lijuarcs of 
their velocities will be Icfs than it would have been 
if the bodies had defccnded freely from the fame re- 
^dive aldtudes ; and if the bodies be fuppoled to 
afcend with their refpedive velocities at any time* 
' and their motions be retarded by their gravity only* 
the common centre of gravity will not afcend to the 
lame level from which it defccnded ; as we have 
fhewn at length in our Treatift ef Fluxiau, froDl 
$521 to 533. 

15. The true general principle on this fubjed, is* 
that when any number of btxiies, moved by their 
gravity, are conneded tc^ether in any manner fo as 
to ad upon each other while they move, the afccnt 
of their common centre of gravity, in their vibra- 
tions or revolutions, will be always found to be 
cither equd to its defcent, or lefs than it, but never 
to exceed it. And, from this principle, the impof- 
libility of a perpetual motion is juftly derived. For 
it appears, that, in fuch vibrations and revolutions, 
the fucceffive afcents of the centre of gravity ,muft 
cootioually dimioilb» in coniequcQce . of the attri- 

00a 



D,gn,-f.rihyGOO^IC 



Chap. 5. Pflii-osQpHicAt DisgoV£Rics.^ my 

tion of the parts of bodies, and the refiftance of the 
medium ; Iince the afcent of -the centre of a^vity 
being never greater than the defcent (tho* often leis 
thaa it,) there can be no gain of force to overcome 
thofe refiftanccs. All motion, therefore, muft be. 
abated and gradualljr languifh in bur mechanical en- 
gines, unlefs they be fupplied by new and repeated 
influences of the power. 

16. It is very well known, that, when ^Jlowance 
is made for the defcft of elafticity in bodies, for at- 
trition, and the refiftance of the medium, thefc con- 
clufions are perfeftly agreeable' to ejcperiencc ; and 
therefore ferve to confirm the general laws of motion 
with their corollaries, and our methods of reafoning 
from them^. 



Of ihe matien ef prejeailes in vacuo ; ef the lychid^ 
and the melton ef a pendulum in it *. 

L £ M M A I. 

Suppofe the.motion of a body to be uniformly ac- 
celerated ; let the time be reprefented by the right 
line A M, (Plate IV. Fig. I.) and any part of it by 
A K, draw M N, K L perpendiculars to a m in m and 
K, and A N interfe£i:ing them in n and l : then the 
velocities acquired in the times a m, a k, reckoned 
from the banning of the motion, will be as the 

* To render the fecond book more conplete, we have ^AdtA 
thit/afpUnunt, from two pieces which the author aled to givs 
hit khoUr). The fabftancc of them is taken from the learned 
Mr. Cetei'l Tiafti, printed U the end of hit Harmnia Mtt^w 
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perpendiculars m n, k l, but the fpaccs dcfcribed in 
thcfe times will be as the areas a m n, a k l. 

This propofition has been demonftrated elfcwhere ; 
but wc fhall here add the proof that is commonly 
given of it, by tfie method of indivtfibks. 

Since the motion of the body .is fuppofcd to be 
uniformly accelerated, that is, to receive equal in- 
crements of velocity in equal times, the velocities , 
acquired will be always proportional to the times : 
£0 that if M K-rcprefent the velocity acquired in the 
time A M, it follows, becaufe a m : a k : : m n : k l, 
that K L will reprefent the velocity acquired in the 
time A K. After the fame manner, the velocities 
acquired in the times a b, a c, a d, ^c. will be 
reprcfented by the perpendiculars b e, c f, d c, ^c. 
refpedively. 

The fpace defcribed by any uniform motion is as 
the reftangle contained by the right lines that repre- 
fent the velocity and the. time : therefore the fpaccs 
defcribed in the times a b, b c, c d, d h, i^c. with 
the velocities b e, c f, d g, h i, ^c. are as the reft- 
angles a e, b f, c o, d i, i£c. and the fpaces de- 
fcribed in the whole time a k. as the fum of .thefe 
reftanglcs. That the motion may be uniformly and 
continually accelerated, fuppofe the number erf" the 
parts A B, B c, c D, iic. into which the line a k is 
divided, to be incrcafcd in injinitum, and the fum of 
the redtan^es a e, b f, c c, ^c. will become equal 
to the triangle a k l. Therelbre, in a motion uni- 
fom^ly accelerated, the foaces defcribed in any times 
A K, A M, from the beginning of the motion, are as 
the areas a k l, a m n . 

Corol. 
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Cord. I. The fpace defcribed by a motion uni- 
formly accelerated, in any time, is half the fpace that 
would be defcribed, in the fame time, by an uniform 
motion with the velocity acquired at the end of that 
time. 

The fpace defcribed by a motion uniformly accele- 
rated, in the time a k, is rcprefented by the triangle 
, ' A K L ; the fpace that would be defcribed by an uni- 
form motion, in the lame time, with the velocity k l, 
is rcprefented by the reftanglc contained by a k and ■ 
K L, but the triangle a k l is half of that rcftangle j 
and the propolicion is manifeit. 

Corel. 2. The fpaces defcribed by a motion uni- 
formly accelerated, are as the fquares of the times 
froni the beginning of the motion ; for thofe fpaces 
are as the fimilar triangles a K l, a m h, whofe ho- 
mologous fides A K, AM, reprefent the times. For 
the fame reafon, the fpaces are alfo as the fquares of 
(k. l, m n,) the velocities acquired at the end of thofc 
fpaces. 

Corel. 3. If the accelerating force is fuppofcd to 
be greater or lefler in any given ratio, the vdocitiea 
generated by it, in 3 given time, will be increafcd or 
diminiflied in the fame ratio. And in any times, the 
velocity generated by this force, will be to that ge- 
nerated by the former, in the conipounded ratio of 
the forces and of the times.' 

Corol. 4. The fall of heavy bodies, either perpen- 
dicular or along inclined planes, being a motion uni- 
formly accelerated, the preceding Lemma and its co- 
roUariea ma^ be applied to them. 

, - . p LEMMJ 
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If two heavy bodies fall from reft at c to the ho- 
rizontal' line A B, one in the vertical c B, and the 
other along the inclined plane c a ; the time of dc- 
fcent from c to b, will be to the time of defcent from 
c to A, as c B to c A ; and the velocities acquired at 
B and A will be equal. 

For let the force of gravity by which the body 
defcends in the vertical c b, be reprefcnted by c b, 
and Tcfolved into the forces b d perpendicular to c a, ■ 
and c D i the other body is urged along the inclined 
plane by c d only. Therefore the accelerating forces 
by wiiich the bodies defcend in the vertical c b and 
along the inclined plane c a, are reprclented by c b 
and CD. The fpaces defcribed in equal times, by 
the uniform continued adion of any forces, are in ' 
the fame ratio as ihofe forces : therefore the bodies ■ 
will fall from c to b, and from c to d, in equal times. 
But the time of defcent from c to p is to the time of 
defcent from c to a (by Carol. 2. and 4: Lem, 1.) tn 
the fubduplicate ratio of c d to c a, that is, (becaufc 
c D, c B, c A, are in continued proportion) in the ratio 
of CD to c.B, or of c. B to c A. 

Again, the velocities generated in the falls are in 
the compound ratio of the generating forces, and of 
the times of their generation (Corel. 3. Lem. I.) that 
is, in the prefent cafe, in the compound ratio of c a 
to c B, and of c B to c a ; which compound ratio is 
that of equality. 
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LEMMA III. ■ 

Upon the fame horizontal plane, let there be raifed 
' another plane c a, whofe elevation is f b 1 from c 
draw c i parallel to c « meeting b a in i, and from 
B the line b d perpendicular to c t. Then c b repre- ■ 
fcnting, as before, the conftant force of gravity, c d, 
c d will reprefent (he accelerating forces along the 
planes c a and (c i or) c a; and their ratio being 
compounded of thofe of c d to c b, and of c b to c ij, 
that is, of c B to c A, and (c j to c B or) eji to ( b ; 
k follows that thofe accelerating forces arc direftly as 
the elevations of the planes, c b, f b, and inverfely as 
their lengths c a, c a. 

Corol. I. Compound now thefc three ratios } that 
of c A to c B, of v' c B to / f B, and of c BtO c at 
their fum gives the ratio of the times of falling thro' 
c A and c a, being the direft ratio of the lengths c a, ' 
^ Ot and the inverfe fubduplicate of the elevations c b, 
or <: B. 

Gorol. 2. The velocities acquired being as the ac- 
celerating forces and the times in which they aft ; 
compound -the ratio of thefc found in the preceding 
Lemma and Corollary, and there will refult that of the 
velocities, viz. the direft fubduplicate of the eleva- 
tions c B, cs. 

Corol. 3. Hence likewife it is infcrped, th« if 
(Fig. III.) a body fall from reft at c, to a in the ho- 
rizontal line A B, along any number of planes c d, 
.D E, E A, inclined to each other any how, as at d and 
E, the velocity at a will be the fame as if the body~-" 
had fallen in the vertical c b s abftrafting however 
P 2 frona 
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from the loft of velocity that happens by its impulfcs 
at D and £, upon the contiguous planes. 

That multiplying the number of planes from c to 
A, till the path of the body becomes curvilinear, the 
velocity at a will be accurately the iame as in the 
perpendicular fall c b. 

And laftJy, that if a fcries of planes, t d, d ty 
&c^ fimilar and fimilarly Gtuated ■ to the former, or 
two ftmtlar and fimilarly fituated arcs of a curve, be 
the path of the body ; the velocities will be as the 
lengths of the paths \ and the times in the fubdupli- 
cate ratio of thofe lengths, of the heights c b, c h^. 
. or of any two homologous lines belonging to the 
figures. 

Corel. 4. Let a d {Fi^. IV.) be the diameter of a 
circle touching the horizontal line in a ; c a, c a, 
any two chords drawn to a. Then, if bodies defcend 
by the force of gravity along thefe chords, the times 
of defcent will be equal \ and the velocities wiU be 
proportional to the chords c a, ( a. 

For, joining d c, or, and making c e, re, per- 
pendiculars to the diameter 1 becaufe the triangles 
D c A, E c A are fimilar, as alfo d f a, f c a ; it is eafiJy 
ftiewD that c A is to r-A in the fubduplicatc ratio of 
the elevations a z, a e : and this compounded with 
the fame ratio inverted, gives the ratio of equality j 
which, by CoroL i. is that of the times. 

And, by Cord, i.-the velocities are in the fubtlupli- 
cate ratio of a £ to a /, or that of c a to r a. 
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I. Of the motion of frojaSiUs. 

PROPOSITION!. Fig.y. 

The line defcribei by a heavy body, thrown in any. 
dire£iien net perpendicuiar to the horizon, is a parabola. 

Suppofe a body projefted in the direftion a d, 
with the velocity it would have acquired by falling 
from B to A, the body, by that force alone afting 
upon it, would uniformly dcfcribe the right line A d -, 
and any part of the line of direction, as a h, rcpre- 
fcnts the time in which it would be defcribed. 

Suppofe that the force of gravity, ailing alone, 
would have, in the fame time, carried the body from 
A to p ; complete the parallelogram a p m h, and, 
at the end of the time rcprcfented by a m, the body 
will a(^ually be found in m. Since, by the firft Co~ , 
roUary of the firft Lemma-, the time in which the body 
falls from £ to a is the fame ia which it would de- 
fcribe 2 a b by an uniform motion, with 3 velocity 
equal to that acquired at a, therefore that time will 
be rcprefented by 2 a B. But the time in which the 
body would fall froni a to p being rcprefented by 
A H, it follows, from the fccond Corollary of the fame 
Lemma, that a p : a b : : a h' : 4 a b", and 4abx 
A P s= A B* = P M* : from which it appears that 
the point m is a point in the Parabola whofe4iameter 
is A p and vertex a, having the parameter of that 
diameter equal to ^ a b. 

Coroh I. It is evident that the line a h is a tangent 
to the Parabola in a, becaufe it is parallel to th? or- 
dinate P M. 

P 3 CoroU 
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Carol. 2. Since 4 a b is the parameter of the dia* 
meter a p, it follows that the parameters belonging 
to the vertex a of the diameter a p are always in the 
duplicate ratio of the velocities of the projection, the 
fpace A B being always as the fquarc of the velocity 
acquired by falling from b to a. It follows alfo that 
the parameter of a p is the fame when the velocity of 
the proJed:ion is the fame, whatever the direction a h 
of the prqjeaile be. 

Corel. 3. If from a as centre you dcfcribc the 
femicircle bq_l, its circumference fliall be the locas 
of all the foci of the parabolas that can be defcribed 
by a projeftile thrown from a, with the velocity it 
could acquire falling from b to a : for, by a known 
property of the parabola, the diftance of the focus 
from A is always equal to ^ of the parameter of the 
diameter that paOes thro* a : that is, to 4. of 4 a b 
or to A B itfelf ; all the foci muft therefore be found 
in the femicircle b'q.l. 

CoroL 4. Hence it is eafy to determine the para- 
bola defciibed when the direction of the projectile is 
given 1 for you need only draw a f fo as to make 
the angle fad equal to the given one dab, which 
the direction a d makes with the perpendicular a b, 
and the point r where a f cutS the femicircle b q_l 
fhall be the focus required ; aad if you draw thro* p 
the line f n paralld to a b cutting the direSrix B e 
in N, it Ihall be the axis, and i, the middle point be- 
,twixt F and n, Ihall be the vertex of the parabola, 
4 F I being the parameter of the axis. . 

Cord. 5. If you draw a line thro' the vertex i 
parallel to the dtreiirix, meeting a b in c it muft be 
bifeCtcd by the line of direction in d j and if you 

draw 
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draw a line from the focus f, to d, it will be perpen- 
dicular to the tangent, and will pafs thro' b if pro- 
duced, as appears fro.ii tlie properties of the para- 
bola: and therefore a femicircle dcfcribed upon a b 
as diameter will always pats thro' the point d, where 
theline of direiftion cuts ci the tangent to the Vertex 
of the parabola. 

Definitioit. If you draw a line thro' the point a, 
parallel to the horizon, cutting the axis in o and the 
parabola in n, then a ic is called the amplitude of the 
parabola. 

PROPOSITION 11. 

The amplitude of any parabola is always equal to 
four times tbe/tne of double the angle whicb the line of 
direiiian makes with the vertical, taking the half of &. b 
far radius. 

For A K =; 2 A 0^2 c I = 4 c D ; but A K is the am- 
plitude of the parabola, and cois the fine of the angle 
Dob, which is the double of b a d, if you take g b 
( = 4- A B ) for radius. 

Therefore the amplitude is equal to 4 times the 
fine of double the angle bad, which the vertical 
makes with the line of direftion. 

Corel. I. The velocity of projection being given, 
the amplitudes are to one another as the fines of , 
double the angles of inclination. 

Corel. 2. If the angle bad does not exceed 45% 

then it is plain that the more acute that angle is, the 

amplitude a k muft bo the lefs j fince the fmc of 

P 4 double 
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double that angle mufl become lefs, and the ampli- 
tude is equal to four times the Gne. 

When the angle bad vanilhes, then the parabola 
A I K coincides with the ftreight line a b l and the 
prc^edtile, inftead of defciibing a curve, will only rife 
to 8 and fall again to a. 

On the other hand, the more the angle bad ap- 
proaches to 45*, the line c d, wluch is the line of 
double that angle; becomes the greater : and there- 
fore .the amplitude a k, which is quadruple of thu 
fine, muft alfo become the greater. 

Corel, g. When the angle bad becomes 45% the 
points F and o Aiall ^11 on the point q^ where the 
femicircle b q_l cuts the hOTizontat line a k ^ the fine 
c D of double BAD becomes now the fine of ^o*, and 
therefore is equal to the radius g a. 

But fince the radius is the greatefl: fine, it is plain 
that now the amplitude a k is the grcateft that can 
be defcribcd by any proje^ile thrown from a with a 
velocity which it would have acquired by falling from 
B to A : and this grcaccfl: amplitude is always double 
of B A ; for A K in this cafe is equal to 4 a G =s x a B. 
Hence it appears, that if you throw a body in a di- 
rection that makes an angle of 45° with the hori- 
zon, it will be carried farther on the horizontal line, 
than if you threw it with the fame force in any other 
direction. 

Corel. 4. When the angle b a d is greater than 
45", then according as it approaches to a right angle, 
the parabola becomes more and more open, but the 
amplitudes a k decreafe as the angle bad increafcs j 

for 
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for A K = 4 c D, and c d muft, in this cafe, dccreafc 
according as B a d increafcs. 

If oftwodire&ionsA d and a 1^ the elevation of the 
one exceeds that of 45* as much as the etevation of 
the other wants of it, thdir amplitudes will be equal ; 
for the fines of double thefe angles muft be equal, 
becaufe they are Tupplements to two right angles, to 
one another : but the amplitudes of the parabola are 
alwajrs quadruple of thefe fines, and therefore 
they muft alfo be equal to one another. That the 
doubles of thefe angles arc fupplements to one an- 
other appears thus ; let their difference from 45' be 
called a, and the greater fliall be 45° -}- a, the leflcr 
45* — A, their doubles fliall , be 90° 4- 2 a and 
go" — 2 A, which are fupplements to each other 
becaufe together they make up 180'. 

Corel. 5. "When the ingle bad becomes a right 
flrtgle, then a b becomes the axis, and a the vertex 
of the parabola, c D vaniQies, and a k becomes 



Corel. (5- When the angle bad becomes greattc 
than a right one, then the curve defcribed fliall be 
only a portion of the parabola that we have confi- 
dered in the preceding corollaries, lying on the other . 
fide of A. 

Carol. 7. If there is given the imptius or velocity 
wherewith the proje^ile is throttn, and the angle of 
elevation^ or its complement bad, you may find 
the amplitude a k, and the alritude of the parabola 
defcribed by this projefliion. For feeing the ampli- 
tude of 45* is a A B (which is the line that always 
_exprefl*es the velocity, fince by falling thro' it the 
vciociry is acquired) you may iay as Sic radius (or 

fine 
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fine of 90') is to the fine of double the angle bad, 
fo is 2 A B to A K the amplitude fought, (by Cor. i.): 
the amplitude being found, you may find the alti- 
tude by f^ing, as the radius is to the tangent of the 
angle of elevation, fo is c d (= ^^ a k) co ac the alti- 
tude fought.. 

Corel. 8. If you have giyen the amplitude a k, 
and the angle of elevation dak, you may find the 
impetus neceffary to defcribc a parabola that ihall 
have that amplitude, by this proportion ; as the fine 
of double the angle of elevation, is to the radius, 
fo is one half of the given amplitude to a d, the 
fpace thro' which a body muft fall to acquire the ne- 
ceiTary impetus. 

Carol. 9. If the impetus and ainplitude be given, 
the direftion may be found by this rule. Firit find 
A -B, by falling thro' which the given impetus may 
be acquired i then fay, as the double of this line to 
the given amplitude, fo is the radius to the fine of 
double the angle of elevation, and this angle or its 
complement will fatisfy the problem. 



PROPOSITION III. Fii. VI. 

ji projeSiiU thrown in the dirt.£iion a e, ivith the 
velocity it would acquire by falling from b to At will 
ftrike any line a v in k./o that a k Jball bt ejual to 
4 c D : fftppofing A o perpendicular to the line, a n, /Ae 
ar^le g b a = o a b» and that the circle defcribed from 
c as centre^ with the radius c a, cuts the direSiion a e 
iH D, and that dc is parallel to a n, meeting a b in c. 

For it is plain that the angle ad c (=d^ak) 

s= D B A, by Eucl. 32. 3. and that CQnfequently the 

triangles 



Chap. 5. Philosophical Discoveries. 219 

triangles a d c, a d b are fimilar, having' the angle at 
A common, and the angle a o c =s a b d ; therefore 
ac:ad::ad:ab:: (becaufc of the fimilar tri- 
angles acd, pak)ap:pk:: (by the property of 
the parabola) p k : 4 a b, therefore a = -J p k, and 
conlequenily cd=s-^ak, (M'ak:=:4cp. 

Ccrol. I. Draw thro' d a parallel to a b meeting 
the circle in </, and draw Ad; then will the pro- 
jeftilc thrown in the direftiqn a d ftrike the line a n 
in the fame point k \ for cosxcd, 

Carol. 2. Let h l, parallel to a b, touch the cir- 
cle in H, then fhall a h be the direiftion which will 
carry the projeftile fanheft on the line a n j becaufc 
when D comes to h, then c d is the greatetl It can 
poffibly be, and confequently a k (= 4 c d) is then 
the greateft diftance the prqjedtiie can be carried to, 
on the line a n, by the velocity acquired by falling 
from b to A. But it is plain that the angle h a n = 
H B A :=: H A b, therefore the direiSion a h bifefts the 
angle b a k which the line a n makes with the ver- 
tical A B. 

Corel. 5. The lines ad, a </, make equal angles 
-with A H, alfo the angle dan =id az; aAd when 
thefe angles are e()ual the diltance a k is the fame. 

Cerol. 4. When a k is given and the direftion is 
required, take a r = ^ of a k, and thro' r draw 
R D parallel to a b, meeting the circle in d and d ; 
then draw ad, Ad; and thefe will be the direc- 
tions*. < . 



* See more on thii fubjeS in Mr. Grafi Treatife of Giaumj, 
l^tn^m 1731. 
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11. 0/ the cfcleid'y and tbt motion of a pendulum 
in it. 

Dffiniiiens. If the circle c d h (Fig. VII.) roll on 
the given ftreight line a b, fo that all the parts of 
the circumference be'applied to it one after another, 
the point c that touched the line a b in a, by a mo- 
tion thus compounded of a circular and reAIlineal 
motion, will defcribc the curve line a c e b which is 
called the cycloid. The ftreight line a b is called the 
iafe i the line e f perpendicular to a b, bire6ling it 
in F, the axis; and the point e the vertex of the cy- 
cloid. The circle by whofc revolution the curve 
line is defcribed, is called the generating circle. The 
line c K parallel to the bafe a b, meeting the circle in 
c and the axis in k, is called an ordinate to the axis ; 
and a line meenng the curve in one point, that pro- 
duced does not fall within the curve, b called a tM- 
gent to the curve in that point. 

PROPOSITION I. 

On the axis e f deftrihe the generating circle e o f, 
meeting the ordinate c k i» g i and the ordinate will 
be equal to tbefum of the arc e g and its right ^ne o k j 

J fay, CK. = EG-f-GK. 

It is plain, from the definition, that the line a b 
is equal to the whole circumference of the gene- 
rating circle, and therefore a f muft be equal to the 
femicircumfcrence e o f. It is alfo obvious, from 
the defcription of the curve, that the arc c d is equal 
to the line a d, and confequently the arc c h equal 
toDFOriKorcG} but the arc c h is equal to the 
arc E G i therefore c g is equal to the arc e g, and 

. the 
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thcordinate c k <=s c c + c k) muft be equal to the 
fum of the arc e c and ih« right line o k. 

PROPOSITION II. 

'fhe Une c h, parallel to the chord s Q, is a tasgint 
to the lycloid in c. 

Draw an ordinate c k very near c k., meeting the 
curve in f, the circle in g, and the axis ink: let c « 
and G », parallel to the axis, meet the ordinate c i in , 
a aod « i and ftom o the centre of the circle e a f, 
draw the radius 00. Since ck=:Eg-^gi, therefore 
.cu=Gg-\'gn; and if youfuppofe the ordinate f i to 
approach to the ordinate c k, and at length to coin- 
cide with it, as G ^ and g « vaniOi, the triangles 
c ? a and G o K become fimilar, whence cg:gn: : 
o G : o K, and og-^gtt ■■gni: pc+o k (=sf k) : o k ; 
butGH:^»::GK: oic, therefore G^ +^« : g» :: 
F K : G K. : : G K : E K. ; and confequently cu: c « : ; 
o K : E K i and if you draw the chord c c, the tri- 
angles c w c, E K G will be fimilar ; fo that the chord 
c c, as the points c and £ coincide, becomes parallel to 
E c : therefore the tangent of the cycloid at c is pa- 
rallel'tOE c. 

PROPOSITION III. 

7be arc of the cycloid e l is double of the chord e m 
of the correfpehding arc of the generating circle e m f. 

Let K L and is be two very nearordinates of the 
cycloid, meeting the generating circle in m and q_; 
produce the chord e m rill it meet the ordinate :^ s in 
p i let 0^0 be the perpendicular from Q^on m p,; then 
draw the lines e n and m n, touching the circle in s 
and M. 

7 Becaiife 
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Becaufe thp triangles e h m, p q_m are fimilar, and 
E N — NM, therefore p <ijs equal to q^m } and the'tri- 
■ angle pq.m being ifofccles, the perpendicular q^tf 
bife^ the bafe p m ; fo that m p is double of u o : 
but, by the lafl: propofition, l s is parallel, and con- 
fequently equal, to m p, and l s is equal to 2 m 0. 
The line l s is the increment ot the curve £ l, gene- 
rated in the fame time that the chord e m increafes 
by.M 0, fince £ o^is equal to e 0, when the points q_ 
and M come together : Therefore the curve increafc* 
with double the velocity that the chord increales j 
and fince they begin, at e, to increale t(^ether, the 
arc of the cycloid e l will be always double of the 
chord £ M. 

Carol. The femi-cycloid e l b is equal to twice 
the diameter of the generating circle, e f ; and the 
whole cycloid a c £ b is quadruple of the diameter 



PROPOSITION IV, 

Z^t E R ie paraUelio the ha/e a b, andc r parallel 
to the axis of the cycloid; and thefpace e c r, bounded 
ky the. arc of the cycloid e c and the lints e r and r c, . 
Jhall be equal to the circular area e c k. 

Draw c r parallel to c r i and fince c a : c « : : g it : 
I K i therefore EKXf«=GKxc«, and confequent- 
ly arxCRsBGKxK*; therefore the litde fpacc 
c R r f = G K kg. So that the areas e c r, e g k in- 
creafc by equal increments; and fince they begin to 
flow together, therefore they muft be equal. 



Certl 
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Corel. I. Let a t, perpendicular to the bafe a b, 
meet e r in T, and the fpace e t a c e will be equal 
to the femicirclc e c f." 

Carol. 2. Since a r is equal to the femicircumfe- 
rence e g f, the rectangle e f a t, being the rectan- 
gle of the diameter and iemicircumference, will be 
equal to four limes the femicircle e g p : and there- 
fore the area e c a f e will be equal to three times the 
area of the generating femicircle e c f. 

Carol. 3. If you draw the line e a, the area inter- 
cepted betwixt the cycloid e c a and the ftreight line 
E A will be equal to the femicircle e g f } for the 
area £ c a F e is equal to three times e c f, and the 
triangle s. at =^ hYx^zv tht reftangle of the femi- 
circle and radius, and confequently equal to 2 e g f ; 
therefore their difltrence, the area £ c a e, is equal 



PROPOSITION V. 

^ake E ^ = o K, draw b z parallel to the bafe meet- 
jp£ the getterating circle- in x, and the cycloid in z^nnd. 
join c z, F X : tbenjball tbe area czzc be equal to tbe 
fum of tbe triangles c f k and bv a. 

Draw z d parallel to the axis e f, meeting e t pro- 
duced in (/, and the trapezium k cz d will be equal 
to^cR-^-^zdxRds:^ (becaufe zd=^Eb=:OK) ^OE 
XKd. But R(/^RE-}-E(i=CK-}-iz = EG4-GK-}-EX 

■-\--bx; therefore the trapezium r c z li is equal to 
the fum of tlie reftangles of half the radius and the 
arcs E G, E X, added to their fines g k, and b x. But 
the area e c f, ;'. e. the triangle e c f and the feg- 

mcnt 
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ment cut off by the chord e g, is equal to the re£t< 
angle contained by half the radius and the fum of 
the arc e g and its right fine c k ; and the area e x f 
confifting of the fe6tor e o x and the triangle x o f is 

3ual to the redtangle of half the radius and the fum 
the arc E X and its right fine b x ; therefore the 
trapezium r c z^ is equal to- the fum of the areas 
£ G F and E X F. By the kit proportion, the area * 
s c R is equal to e g k, and i,zdssnb%\ from the 
trapezium jl c z i^XubtraA the areas e c r, e z iJ, and 
from the areas e c f, e x f, fubtra^.the areas e G k, 
six, and there will remain the area c z e c equal to 
the fum of the triangles, g f k, ^ f x. 

Ci^ol. 1. Hence, an infinite number of fegments 
of the cycloid may be affined that are pcrfeftly 
quadrable. For example, if the ordinate c k be 
fuppofed to cut the axis in the middle of the radius 
o £» then R and b coincide ^ and the area e c k be- 
■ comes in that cafe equal to the triangle g k f, and 
E ^ z becomes equal to f ^ x ; and thele triangles 
themfelves become equal. 

Corol 2. Suppofe now that k comes to the cen- 
tre o, and c comes to i ; then becaufe o K vaniflies; 
therefore e b vanilhcs, and the fpace c z e c becomes , 
in this cafe £ c t e, which is equal to 4- o e* ; for the 
triangle ^ f x in this cafe Taniflies. 

But to reiurn from this digrt^on ; 

P R O P O S I T I O N Vl. %. VIII. 

Let ATC he afemi- cycloid hainng its hafe e c paral- 
kl to the horizon, and its vertex a downwards : fitp- 
fofe a firing, with a pendulum^ of the length of the 

femi- 
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femi-rydoid, fufpended at c, and applitd to. thi fim't- 
peloid c T A ; the hsdy p, by in gravity., ivill gradualfy 
feparate the firing from the Jtmi-Cjclcid c t a, and wiU 
dejcribe an equal femi-tycieid a p v, having its vertex iif 
r, and its axis ferphtdicMar to the ir '' - 

On the axis a e defcribe the geri 
AGE, draw A B cutting the vert: 
and on d v, taken equal to a e, c 
circle d h v. Then, fince the fem 
equal to 2 A E or c V, (by Ccr. 1 
fore the body p will come to v, whe 
comes to a vertical (itualion. T\ 
t c and p H parallel to A D, meeti; 
in G and h^ and fmce the ftreight 
T p is equal to the curve t a to whi 
therefore TP = 2AC = aTK, and 
and K p afe equal, and the points 
equally diftant from the line a C: 
arc A G will be equal to d h, and 
angle gad=adh; and the chord.' 
rallei. But t-p, being a tangent 1 
T, is parallel to o a ; therefore d k 
gram, and D k is equal to p h. I 
equal to o t, by Prep. I: and iher 
=s A K ; and fince a u = 4 c e, i! 
or p H =r G E or H V : and if p h l 
meet the axis in r, then fhall the 
equal tothefum of the arc h v and 
and therefore the point p, by Pro 
femi-cyclo:d, whofc generating circl 
D V, and vertex v. 

Corol. If another lemi-cyclotd 1 
c / B, be placed in a contrary fiti 
that, by mcafts of thefe femi-cycl 
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may be miide tt> defciibe tbc cyclind a v > in it& 

ofttlUcions. 

, PROPOSITION vn. 

Let V L, perpvidiailar to t> v, be equal to awf ere 
9f the tycleid v m l -, defcribt with the t^dius V i, tho 
ftmuirck tzl\ and fuppofii^ the pendulum to h^in ah 
efciUatien from L, the velocity acquired at M, in the 
lychid, will be as M x the ordinatt of the circle at the 
cerrefponding point M in the ftf eight Une v t : and the - 
force by which the motion of the pendulum is accelerated 
in M, is as the arc of the cycloid v m that remains to be 
deferibed. 

Let L K, M 5 be perpendiculars to the axis d ?« 
meeting the generating circl* in o and q^ and draw 
the chords v o, v <i.: then by Cor. 3. Lemma 3. the 
Velocity of the pendulum at m, will be the fame as 
would liave been acquired hf a body diredly falling 
from R to s, and the velocity acquired at v will 
be the (amc as would have been acquired by a body 
dircflly falling from .r to v ; but thcfc vclociti« are 

to one another as yxs to/RV, ~by Cor. z. Lem- 
ma I, and fince r v : s v : : v o* : v q_*, and r v ; ' 
*v— sr (tasRs); : vo* : vo*^— vq^: : vi.*: vl'— • 
tm' (bccaufe VLatr2Vo and xM = zvQ__),itfoMow» 
that the velocity of the pendulum acquired in m is 

to the vclocit}' acquired in v, as \/vl*— vm' to 

V* V I.', or as M xto V z. 

The force of gravity that is fuppofcd invariable, 
afling in the dirciftion of the diameter d v, may be 
feprefcntcd.by d v; and may be refolvcd into thp 
two forces D Q, and v q_, whereof the firft d q^, pa- 
rallel . 
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rallcl to / M the ftriiig, fcrvcs only to ftretch th^ 
firing, and does not 9t all contribute to acceleratip 
the nnotion of the pendulum ; it is only the force 
reprefented by the chord v q, that accelerates the 
motion of it along the curve nm, gnd is ^U ettiploycd 
to produce that cffcft, the direditm v (i,bcing paral- 
lel to the tangent of the cycloid at m, by prpp. II. 
But V M =12 V Q, by Prep. Ill ; therefore the force 
that accelerates as pendulum at u, is as th; arc of 
the curve v m. 

Corel. It is obvious jFrom the demonftration, thaft 
the part of the gravity which the ftring fuftains ia 
any point m, is to the whole weight of the pendulum, . 
as the chord d qja the diameter. 

PROPOSITION vm. 

Suppofe thfft the circle l z / w dtfcrthed by the hoif 
X with an umform melton, fiy the velocity acquired ty 
the pendulum in v ; and atfy arc of the cycloid^ as m «, 
will be defcribed by the pendulum, in the fame time as 
the arc ef the circle xvby that uniform motion : taking 
V K, on thejireigbt line v l, ei^ual to v n in the cycloid, 
and drawing n y parallel to v z, meeting the drclt 
in V. 

Let X m be an ordinate very near to x m, and 
draw X r parallel to the diameter l /, meeting xmm 
r ; then, fince the triangles jirx and v x m are fimi- 
lar, it follows that x* : Mm(=ixr) : : vx : mx, that 
is, as the velocity of the body x to that of the boc^ 
M : and confequently the fpaces x x and him will be 
defcribed in the fame time by thefe bodies, die times 
being always equal when the fpaces arc taken in the 
fame ratio as the velodtics. After the fame mwiMr, 
the other correfponding parts of the lines u ri and 
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■X Y will be defcribed in the fame rime • and there- 
fore the whole fpace M n will be defcribed in the fame 
time as the arc x y. 

- Cor. Therefore t|ie pendulum will ofcillata from 
' L to V, in the fame time as the body x will defcribe 
tKe quadrant l z. 

PROPOSITION IX. 

The lime of a complete ofcillaiien in the cfcleid is to 
the time in labich a body would fall thro' the axis of the 
peloid D V, <M the circumference of a circle to 'its 
diameter. 

The time in which the frmi- circumference l z / is 
defcribed by the body x, is to the time in which the 
radius l v could be defcribed wich the fame velocity ; 
as the circumference of a circle, to its diameter. 
But the fame time, in which the fcmi- circumference 
Lzl is defcribed by the body x, is equal to the time 
of the complete ofciilation l v p in the cycloid, by 
fhc CorsUary of the laft propofition. The time in 
^hich a body falls from o to v, along the chord o v, 
is equal to the time in which l v (ss 2 o v) could be 
defcribed by the velocity acquired at the point v, by 
Cor. I Lent. t. and Cor. 3. Lem. 3. and the time of 
the fall thro' the chord o v is equal to the time of the 
fall thro' the diameter d v, t^ Cor. 4 Lem. 3. con- 
Tequcntly the time in which l v could be defcribed by 
a velocity equal to that of the body x, is equ:il 10 the 
-time of a fall thro' the diameter dv. Ii follows there- 
fore that the time of the entire ofciilation l v p, 
is to the time of a fail thro" the diameter d v 1 as the 
circumference of a circle, to its diameter. 

CoreL 
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Csreh 1 . Hence the ofcillatlons in the cycloid arp 
all performed in equal times 1 for they are aH in th"! 
fame ratio to the time in which a body falls thro' tho 
diameter d v. .If therefore a pendulum ofcillates in 
a cycloid, the time of the ofcillation in any arc is 
equal to the time of the ofcillation in the greateft arc 
B VA, and th^ time in the kaft arc is equal to the 
time in the greaccft. 

' Carol. 2. The cycloid may be confidered as co, 
inciding, in v, with any fmall arc of a circle defcribed 
from tht centre c i paffing thro' v j and thetimc in 
a fmall arc of fuch a circle will be equal to the time 
in the cycloid.; and hence is underftopd why ths 
dmes in very little ^rcs are equal, becaufe thcfe little 
arcs may be confidered as portions of the cycloid as 
well as of the circle. 

CqtoI. 3. The time of a complete ofcillation in any 
little arc of a circle, is to the time in which a body 
would fall thro' half the radius 1 as the circumference 
of a circle to its diameter : and fiDce the latter time 
is .half the time in which a body would fail thro* the 
,<vhole diameter, or any chord, it follows that thie 
time of an ofcillation in any little arc, is to the time 
in which a body would fall thro' its chord j as the 
femicircle, to the diameter. 

Suppole N V a fmatl arc of the circle defcribed from 
the centre c j then the time-in, the, arc w v is-fo far 
from being equal to the time in the chord n, v, even 
when they are fuppofed to be evanefcent, that the 
laft ratio of thcfe times is that of the circumference 
of a circle to four times the diameter : and hence an 
. error in leveral mechanical writers is to be corrected, 
who, from the equality of the evanefcent arcs and 
(i. 3 their _ 
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their chords, too raflily conclude the time of a fell of 
a body in any of thd'e arcs equal to the ciiAe ixf thfc 
fall £)f a body in their chordi. 

Cerol. 4. The time* of the ofcillacions in cycloids, 
bi in fmall arcs of circles, sre in & fubduplicate rttio 
flf the lengths of the pendulurtii. For tht time of 
th« ofciUation in the arc L v p is in a given ratio tn . 
the time pf the fall thro* d v, which time Is tn th« 
fubduplicatc ratio of the fpace d v, or of its double 
c V thfe length of the pendularti. 

Cor&l. 5. iBut if the bodied tJtet oftilUte be 103=4 
bti by iincqual accelerating foites, then theofcilla- 
liohs will be petforttied in times that are to onfe mo- 
ther in the ratio cbmpodnded of the direA f(ri>dupfi- 
tate ratio of the lengths pf the penduiurrts, and in- 
yerfe fubduplicate ratio of the acceieTMing forces ; 
bccaufe the time of the fall thro' d v is in the fubdu- 
Iplicate ratio of the (Jifece B V direfliy and of the force 
tjf ^ivity inVerfcIy -, and the time of the ofciilaQon| 
Is in ft given rfttio to thfet time. Hente it appears, 
that if ofcillations of Vine^ijal pendulums art per- 
IbtTred in the fame rime, the accelerating grii^ities of' 
thtft ptnd\]li]ms muft be as tlreir lengths j and thus 
*e tdnCllJdc that the fcfrce of gravity decrpafcS as y<iy 
go towards the et^uatorj (ince wt find thftt the 
lengths of pendulums that vibrate fccbndj ire always 
|cfs at a lefs diftancfffrom the ecjuator. 

Cefdl.-S. FVom this 'propofitlon weiiparnh^ww 
fthOw exaftiy what fpace a falling body defcribes iq 
iny -given tin^c: for ifinditig, ty eitperiment, what 
j«ndulutti ofciiiates in th^t timt, the half of the 
length pf the pcndulnm will be to the fjisce required, 
in the duplicate ratio of the diameter to the circiim- 
fcrefice i bucaufe fpaccis dtftribcd by a falling body, 
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from the beginning of its motion, are as the fquares 
of the times in which they arc defcribed t and the 
ratio of the times, in which thefe fpaces are defcribed, 
is that of the diameter to the circumference : and 
thus Mr. Htffgens demoiiftrates that falling bodies, by 
their gravity only, defcribe 1 5 Parifim feet and i inch 
in afecond<iftune. 

Scbol. That it may be underflx)od how the rime in 
aimall arc is not thf fam^ -with that ia its chord, tho' 
- the cvanefcent arc is equal to its chord, we may here 
'demonllrate, that if v i ^d k ^ be t«o planes touch- 
ing the arc st v in v and n. Tho* the ^vanefcent 
chord N V be equal to the fum of thefe tangents v k 
and N ky yet the time in the chord is to iJie time in 
thefe tangents as 4 to 3. 

By Cat: \. tm. 3. the time In k * is to the time 
in N ¥ as If i to N V, or as 1 to 2 i but k v being ho- 
rizwital, the motion in i v muft be untform, and ic 
will be defcribed by that uniform motion in half the 
time the body falls from n to * ; therefore if the time 
in which ir is defcribed uniformly be called T, the 
time in which n i is defcribed will be 2 T, and the 
time in which the chord n v will be defcribed will be 
4 T : and confequently the time in which a body 
"would fall along the two tangents, ii to the time in 
vhich it would defcribe the chord, as 3 104. 
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B ;o Q K m, 

Gravity demonflraied by dna^ifis, 

e H A P. J. 

of the theory of gravliyi, (is f^r '<is it app$<irs to i>avi 
. . beeri ktiown before- 5/r'Ifaac Nevytof), 

■ i,T7^R0M experiments and obJirvaiidns alone, 
J^ we arc enabled to colleift the hiftory of na- 
ture, or defbribe her phariiomena. By the prinT 
ciples of geometry ai>d mechanics, we afe e[iable4 
to c^rry on the analyfif from tlie phsn^tiKpa 19 
the powers, or caufcs thst prodyce tbcnn } , and, by 
jjroceei^itig with cautipp, wq may be iarisficd that 
our foiindatjons arc well laid, .and thaj fhe fiiperr 
ftruiftiire^ raifed upon them is fecure. The firft 
views which philoibphcrs had of nature wers no betr 
xtx than thole of the vulgar, being the immediate 
fuggeftions of icnfe. But by comparing thefc toge- 
ther, examining^ the nature of the fenfes themfclvcs, 
ccrrefting anU ailiftmg them ; and by a jufl: applica- 
tion of geomeirical and mechanical principles, the 
fcheme of nature foon appears very diffeicnc to 4 
philofophcr from that which is prtfcnted to a vulgar ' 
eye. At firft fight, the furface of the earth appears 
of an unbounded extent, and of a moft irregular 
form 1- while ail the reft of the univerfe, the clouds, 
meteors, moon, fun, arid ttars of all forts, appear in 
one concave furface bent towards the earth. This 
,^as the opinion coficerning tht fyftem fhat xm% 
■ ' W?-'- 

n,gn,-f.rihyGi:)l)i>lc 



Chap. I. pHttOSOPHICAL DlSCOVERiiS, ijj 

commpniy prevailed at firft, while tKeir imagination, 
influenced by fiich pjqudices, made men fancy th^? 
they faw and heard things impoffible. Thus ihc 
Rowan poet reprefents their army when in Portugal 
(the weftern boundary of the grpat continent) as 
hearing the fyn enter with a hifiing noilc into the 
ocean, 

^udiit bermlfo JlridtfiUmgurgiSe fokm. 

L u c A », . 

while other travellers have talked of 3 vaft cavity in 
the mpft remote parts of the eaft, from whence the 
fun was heard to iflijc every morning with an unfuf- 
ferable nojfe. But philolbphers foon difcovered that 
the earth was not of an unbounded extent, but of a 
gldjular form ; and that the meteors, planets, and 
ftars, were not confined to one concave furface, but 
difpcrfed in fpacc at very different diftances 1 that 
their real magnicudcs and motions are very different 
from their apparent ones, and are not to be deduced 
from the appearances in any one place, but from 
views taken from divers points of fight, compared 
together by geometrical principles. 

t. As ourrtftu/^/of the fyftcmmufl: be founded 
upon the peal figures, magnitudes and motions, of 
<he bodies of which it is compofcd 5 fo we ftiall have 
ah excellent inftance of the method of proceeding 
by kxn&lyfis and fyntbejis^ if wc defcribe in what man- 
ner we are enaWed, from the apparent phenomena, 
to deduce an account erf" the real ; without the know- 
ledge of which our enquiries into the powers or 
caufes that operate in nature rauft be doubtful or er- 
fonccus. The knowledge of the difpofltion and- 
motions of the celettial bodies muft precede a juft 
enquiry into their caufes. The former is more nm- 
|il»i th? Utter thorc afdUoils ; and the former will 

prc- 
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irepare the way for the latter, and ierre to Kjake the 
eaaer acquainted with this method (the only one by 
vhich certainty can be acouired in this fcience) in 
yify cafes, before he proccca to thofe of a more com- 
plicated nature. We (hall therefore begin with the 
plainett and moll iimple inftance of this kind, by 
[hewing briefiy how, from the phznomena, the true 
Ggure, magnitude, and motions of the earth are de- 
rived; andhowttheTe being eftablifhed, innumerable 
phenomena are deduced hyfyntbefis. 

%. It is xajtgbt that our knowledge of the ditUnt 
parts of the fyftem is owing, thofe objeds that are 
very near us falling under tJie obfervatioH of tb* 
other fen&s only : but this Jenfe, however ^dmirablt^ 
lias its imperfcdions. ViQon depends upon the pic^ 
ture of external obje^ formed on the rettMOt toge- 
ther with a judgment of the underAanding, acquire^ 
by habit and cxperieoce \ which is A> unnediatcly 
(onnedled with the ienfc, that it is impoQible, by as 
aft of Deflection, to trace it, or, when it i« crro- 
ocous, fuddenly to correct it. If viiion depended 
upon the pi^ure only, theo equal pictures upon tbf 
retina would fu^eft ideas of equal magnitudei of 
<be obicAs -, ai^if the fmatlcft fly was lo near tha( 
U could cover a di&ant mountain from it, the By 
OLig^ to appear to us to be equal to the mountain. 
But we have, by habit, acquired a faculty of com- 
poundtng the opinion, or prejudice, formed con< 
ccrning thr dift^nce with the apparent magnitude or 
l)ulk of the image formed on the rttinei and thi)S 
jvith an inconceivable quicknels a£ thought, fo that 
ihe idea or image we form to oudelves oi its m^ 
tiitude is the re&Ut of bothj an allowance being 
lii4de for the greater diQiance, agreeable to the np- 
lioQ we have conceived of it. Hence it is eafy to 
fee how qaany fallacies in vi£on mult arife : for as 
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we may be often miftaken In out notion of diftAnce* 
ib evchy fuch miftike muft produce a correfpondlng 
error in our idei of the magnitude of the ol^e^ . 
BcQdes, in many cafes, this notion of dilbuice sriTes 
vidiout refleftion, from the fore? of habit j and wc 
jBnd the effect of it takcg place even after the under- 
fianding is better informed, and the judgmenc cor- 
rected. Thus the ntoon continues to appear bigger 
to us iit the hori2on than at the meridian, even after 
it has been dcnuKiflrated to us that her diftaocc is 
then gtiKUer^ fb that Bx ought really to appear tefs. 
ficcaufe (according to , Kepler'v obfervauctt) the 
heavens appear to us, not in an hemiipbcrical dome, 
but as a fqgment of a fpherc lels than the hemifpheic^ 
we have been accufituned to o^ribe a greater real 
fnagnitude to xibjedb feon at 3 great diftance along 
the horizon^ than in thole oTaa equal apparent tnag- 
nitude(or thK have equal images xxi the retiM^) feei| 
at A conffderafale dc^don about it ; and hence he 
ingcnioufly accoynts for the moon's appearing bigger 
TO us at the horiioathan at tl^e meiidian. £hit aifter 
we ate beoKr infbnned, and know that the vpparenc 
magnitude of the moon b lef« at the horizoR in the 
iame proportion as '^he diftance is giesGrr, we con- 
tinue to ihftke an allowance nojt on this »:count on- 
ly, bat a much greaftM- than diis rcouires, from the 
^a ioflocnce ot habit a^svX cuftom • j the efed of 
which on The mind and its opempo«sJs a fubjeCtthat 
well deferves the parfitular attention of philofophers, 

t t^3li^iihe«oi)etvefitrface^t)i«tiem«tnBpptintDttsas 
a portion tc^ThBli & h^mfphcre, becau&we Iffw^bMK •hv»s 
accHflomed to fee ^reicer diltuiCn along tlie horicoa'tliW in tne 
vertictil line towu^ the Bcnkli. But whate?er fNc itkCan 6{ 
fhh ippMrisce {^^pp^Gng it true) to^j be, it v^M ftem that 
-an hfibiCDal tray of tttinking to th4 Mntrary fugtit tq have (bote 
■fcSfeft; and foUK-oWerte that the iRoon never apfiVhrs to theni 
fo li^ at the horizon, as it did ^tnerly vriKD they wCe young 
•nd aaM^tfMiited fvitlb far tpmibiii, 

but 
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but is improper to be infiftcd on in this place, left 
we ihould fcem to mix, without neccffity, what is ob- 
icure and uncertain with what is clear and fatisfac- 
tory. For the an&lyfis we are to defcribc, depends 
not on any difpuced principles, but on thofe of prac- 
tkal geometry applied to th^ heavens. 

4. Experience has taught us feveral ways of form- 
ingji judgment concerning the diftances ofobjeitsj 
when they are not very 'remote from us ^ as by the 
different difporition of our eyes when -*k look at a 
near objcd with both -, it being manifeA that whea 
riie ob^ is near, the eyts rauft be turned more 
towards each other, in order that tfaey may be di- 
reded towards the fame point of it, than when it is 
at a greater dillance. We Iboa learn from expe* 
rience, liitewile, that when the objeft is very near, 
the image is oblcure and caafufed, and we arc obliged 
to drain the eye to render it tolerably diftin£l. The 
image is alfo ibimd to be more luminous ;and bright 
when the objeft is near than when it is remote. But 
the n:K)ft ufual way of eftimating the diftance is from 
the intervening objei5b; or, when the objeft itfclf is 
of a kind with which we are well acquainted, by the 
bulk its image bears in the pifl:ure upon the rttina. 
By thefc, ;and perhaps other methods, we are enabled 
to form fome judgment of the diftance of neai- ob- 
jects*. But when they arc very remote, and no 
objedls 

* A l«arned autluH-, of a diAingniJlied cWafter, begins an 
ingeniau* troaiift apaa this fubjeO, by obferving, •' it »,, I 
" think, agreed by all, ihac diftanc<^, of itfelfand iromediacety, 
" cannot Ix feen. For diltance being a Jiue direfled endwile 
<■ to ihe eye, it prnjeAs only one point in the fond of the ejre, 
•' which point remaini invariably the fame, whether the dif- 
'■ tancc be longer or Jhofter.'.' The diftance here fpoken of, ia 
diftance fiom ibc eye j' and what )» faidofiti) not 10 be ap- 
plied to difl&Qce in gciieral. The apparent diAance of twp Itafi 
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objefts intervene, as is the cafeof the cckftjal bodies, 
thefe methods fail us, the fenfe is at a lofs in tom- 
pariog their diftances together, and is unable to de- 
termine which are greater or Iqfs, without the aid of 
geometry, or fome equivalent arc. In fuch cafes, 
therefore, the objefts are all referred by the ferfc to 
one concave furface. Thus the' clouds, meteors, 
planets and liars of all kinds, appear to the fenfe in 
one concave furface of heaven, though there be the 
greateft variety in their rea^ diftances. It is in thefe 
cafes that praftical geometry brings us its ncceiTary 
and fure aid. By it we foon Hnd that the cloudj are 
not only nearer us than the celeltial bodies, which 
they often cover from us, but that their diftancc is 
only of a few miles ; a fmall change of the place 
pnsducing a great change in their pofition with re- 
fpefl: to us, v'hile thofe that are feen by us at one 
place are diflFercnt in pofition from thofe that arc 
feen at the fame time in places remote from it. We 
foon perceive that the moon is at a vaftiy greater dif- 
tance ; becaufe flie is feen over one half of the earth 
at once, and nearly in the iame direction, or in the 
fame iitiiation among the fixed ftars. ' We eafily 
learn that the moon is at a lefs diftance from us than 
the fun, becaufe by coming between us aqd the fun 
ihe produces the iolar eclipfes % and that Fenus and 

is capable nf the fatne variecies a> any other quantity or mag- 
nitude. Vifible magnitudes eonfift of patt. into which they majr 
be tefolved as well as tangible magnitude;, and the proportions 
of the former may be aQj^ned as well as of the latter j fb that 
thii author goes too far, when he tells us that vifible magnitude* 
are to be -no more accounted the objefi of geometry than word) ; 
and when he concludes. of djllance in geaeral, what had only 
been Ihewn of djflance direfled " end-wife to the eye;" and 
pretends '■ to demonltraie that the ideas of fpace, outnefs, and 
" things placed at a diftance, are not, llriaijr fpeaking, the ob- 
■' }c& of light ; and are not otherwife fciceived by the eye than 
•" by the ear."' 

Mercury 
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^^£ury are nearer to us in their inferior conjunc- 
tions than the fun, becaufe they ire then feen as dai^ 
fpots upon his dilk. If our inftruments were abfo- 
lutelf perfeft, and our (Afervarions could be made 
with the utmt^ accuracy, cben each celeftial body 
might hs¥C its diflance precifely afcertained, and 
the whole difpofition c^the fyftem might be exadly 
known. But thi's fcit^eft being of the utmoU im- 
portance in oar prcfcnt hm/j^, it dcfcnrcs fome far- 
ther iHuftration. 

5. Let A and c (Plate III. Fig. 50.) reprcfcnt two 
Jpedatofs, or two different ftations of the fame fpec- 
tator, D the objcA or phaenomenon whole difianci! 
is required. This objc^ appears to the fpefbator at 
A in the right line a xi f, and to the fpe&stor at c 
in riie right line c o e i the angle contained by which, 
ADC, fliews how much the pofiiion of the objeft o 
varies with refpeft to the two fpedators. When this 
angle is great, the diftance a o beai^ not a great 
proportion to a c -, but wh«i this angle is very fmall, 
as when the objcft is removed from d to h, then its 
diftance iixim a muft be much greater than a c the 
diftance of the two fpe£tators or ftations ; becaufe 
A c is always to a d, as the line of the angle a n c 
to the Hne of a c d, by common trigonometry. 
Thus when a c confifts of (bmc miles, and o repre- 
feots a cloud, the angle a D c is found to be conli- 
derable ; and thence we learn that its didance is not 
very great. If e d c reprefcnt the right line in which 
the fun fhines, then c will reprefent the fliadow of 
the cloud upon the plane 'a c ; and the proportion of 
A D to A c may be determined by obfervarions taken 
from one ftation a. But tho' the right line a c con- 
fiQ of hundreds of miles, if b reprefent the moon, 
it is found that the angle a h c is occvcdiog fmaUt 
and thence we conclude, that the diftance of the 

mooij 
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moon is not to be expn^ but bjc a grest Dumber 
of miles. 

6. Let c (Fig. 51.) reprtftnt the centre of the 
earthy a a place upon its .furface, c a e t^ie veitical 
line of this place, d any object or phenomenon in 
the zenith ; a D f a tangent to the furfa(X of the 
earth at a, the IbnGble honzon at that f>Iace. Then 
theobjed d being fuppofed to pn^e£b upon the fixed 
itar f, when in the vertical line, to a Qiediator at a 
as well as at c,' it will be otherwife when the objeft 
d comes to the horizon at d. For tho' the centre 
c, the objcEt D and the ftar e (abftrafting from their 
proper motions) be ftill in a ftrait line, yet d and £ 
. are no longer in a right line widi A the place of the 
fpeftator: out while D appears to befet at f, rfic 
ftar appears ftill elevated above the horizon by the 
arc E F, which mcafures the angle z d f, or a D c i 
the fine of which is to the radius, as c a the femi' 
diameter of the earth is to c d the diftance of the 
objeft from the centre trf" the earth. This angle , 
a D c is what is called the borizertlal parallax of the 
objeft or phenomenon, and fhews under what angle . 
the femidiamcter of the earth c a would ^pear if 
viewtfd at the diftance of the objeft c d. And to 
find this horizontal parallax of any objeft, is no more 
than to determine how great (or under how many 
mitiiifes and fecends) the femidiamcter of the earth 
would appear viewed at that objeft. Suppofe any 
number of objefts in the right line a f, as d, o, h j 
and fpeftators at each of thefe viewing the femi- 
diamcter of the earth c a ; it will appear to them 
under the refpeftive angles c d a, c c -a, c h a, which 
arc the refpeftive parallaxes of thofe objefts, and 
which gradually decreafe as their diftances increafc. 
Wc difcover therefore the diftances of thofe objefts 
by determining what appearance, as to bulk or ap- 
parent 
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parent magnitude, the earth's fcmidiameier makes 
at thofe objefis : ■ and it is obvious that this method 
is well founded, it being manifeft, that the diftances 

; at which the eaah appears great to a Ipedator muft 
be lefs, and that thofe diftances at which the earth 
appears fmall to him muft be greater. Thus to a 
fpeftator carried to a few hundred miles diftance 
only, the earth would appear very large i to a fpec- 
tator at the moon, the ^midiametcr of it would ap- 
pear under an angle lefs than a degree ; to a fpefta- 
lor at Venus, of much about the fame bignefs as 
.Venus kppears to us j and to a fpeftator as remote as 
Jupiter or Saturn it would hardly be vifible at all, 
unlets hb fenfc was more acute than ours, or afliftcd 
by art. And as, when the proportion of ihe diftance 
of the fpeftator from the centre of the earth to its 
fcmidiamerer is known, it is eafily afcertaincd how 
great an appearance the earth will make to that fpcc- 
tator 1 fo convcrlely, when this appearance is deter- 

, mined, it is eafy to aflign the lpei5iator's diftance 
from it. 

7. In this manner, me'ifuration is carried from 
the earth to the heavens-, and the diftances of the 
celeftial bodies compared with femidiameters of' the 
earth, and with one another. For the further il- 
luftration of what is of fuch importance in aftrono- 
my, a fcience that affords us fo noble and extenfive 
views of nature, let us imagine a fpetftator :it a view- 
ing; the immenfc expanfe around him, while a right 
line D L, perpendicular to a D and equal to the femi- 
diameter of the earth, moves off on the right line 
A F'from the leaft to the grcatcft diftances -, then the 
parallax belonging to any diftance is nothing elfe than 
the angle which the femidiameter of the earth at that 
diftance fubtcnds to the fpcdator at a. Thus the 
parallaxes belonging to the feveral diftances a d, a g, 

AH, 
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jt ft, 6?f, are the refpcftive angles d a l, gam, 
H A N, &?c } which meafure the apparent magnitude 
ef the femidiameter of the earth viewed, at ihofe 
diftancesj by a fpeiSator at a. While we fuppofe 
this femidiameter to be carried off in injimtHm^ thefe 
apparent magnitudes gradually decreafe, nearly in 
the fame proportion as the diftance increafes. Tiie . 
parallaxes decreafe in the fame manner ; and a fcale 
of the one affords us a fcale of the other. It is ob- 
vious, that, from the moment any objeft departs 
from the vertical line, it appears to a fpeftator at a 
deprefled towards the horizon, and is the more de- 
preHed in proportion as it is nearer to him. The 
true place of the objedl d is at e, where it would be 
fecn from the centre c ; but its apparent place to a 
fpe£tator at a is at f, and its deprefllon or parallax 
is meafured by the arc e f, or by the angle e d f 
equal to a d d Now, in order to find this depref- 
fton, it is fufficient to make ufe of the fixed liar £,. 
which has no fenfible parallax, and was fuppofed to 
be in conjunftion with the objedt in the vertical line 
A d e; for the depreflion of the obje6l d below the 
ftar E, viewed from a, gives the parallax. By pro- 
cefles of tjiis kind, it is found, from aftronomical 
obfervations, that the mean diftance of the moon 
from the centre of the earth, is about 6o4- femi- 
diameters of the earth. 

8. The figure of a body is more eafily known 
when we are able to view it from grdat diflances than 
from very fmall ones -, becaufe when it is at a great , 
diftance, the eye takes in a confiderable portion of 
it in one view, from which the figure of the whole 
is more cafily coUefted : whereas when it is viewed 
at a fmall diftance, fmall irregiilarities on its furface 
have too great an effeft upon the fenfe, and are apt 
to miflead us in our judgment concerning the whole. 
R It 
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It U very cafy to fee, for ezample, that the fun and 
moon are globular, becaufe in all pofitions they con- 
ftancly appear to us at bounded by t circle, a pro- 
perty which belongs to the fphere or globe alone. 
But the figure of the earth is not fo eafily difcovcrcd 
by us, becaufe the largeft views we arc able to take 
of it, from the tops of the higheft mountains, bear 
a fmall propOTtion to the wh5c furface; and the 
curvature or fphericity is hardly fcnfibk in thofc 
profpcifts of it. However, we have undoubted 
proofs that the earth is globular, though not exadtly 
fpherical. We are alTured that the mendiaa ic(5lions 
o£ the earth, or feflions thro' its poles, are circular, 
becaufe, as we go fouthwards the northern ftars are 
deprcfled, and the fouthern ftars elevated, nearly in 
a. regular courfe i fo that a degree of depreffion of 
the fortner, or elevation of the latter, always cor- 
refponds to 60 Itatian or geographical miles on the 
meridian ; whence we conclude, that a meridian 
le£tton of the earth is a circle, a degree of which is 
60 ftich miles, and the whole circumference is 60 x 
360, or 21600, of the fame miles. At the equa- 
tor, both the poles are in the horizon ; as wc remove 
northwards, the northern pote rifes till wc come to 
the pole of the earth, where the celeftial pole is in 
the zenith ; and, in general, the elevation of the 
pole increafcs gradually and regularly with the dif« 
tance from chc equator. The equator and its paral- 
lels appear to be circular from the regular daily pro- 
grefs of light, from eaft to weft, along their furfacei 
The fun arrives at the meridian of places that are 
more eaftcrly, fooner than to the meridian of thofe 
that are towards the weft, in proportion to the dif- 
tance of the meridians meafured upon the equator. 
The fpherical figure of the earth appears likewife 
from levelling, whore it is found neceflary to make 
an allowance ibr the difference between the apparent 

and 
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and the true level ; the former being a plane that 
touches the earth's furface, the latter the globular 
furface itfelf, which falls below the tangent plane, 

9. But w£ have the pluneft and molk fimple proof 
of the globular figure of the earth, from that of ick 
ihadow projefted on the moon in a lunar eclipfe. 
For this Ihadow being always bounded by an arc of 
a circle, it follows that the earth which projeifts it is 
of a fphericat figure. If there was any remarkable 
angle, or very confiderable irregular protuberance, 
on the earth, it would, on fome occafion or ocher^ 
appear by the fliadow. The mountains, indeed, are 
irregularities on the furface of the earth j but they 
bear fo fmall a proportion to its vafi: bulk,, that thej^, 
make no appearance upon its fhadow. There is 
likewife a gradual rifing from the fea'lhore Cowards 
the inland parts of the great continents ; as in 
Eerope from the fliores of the ocean, the MedUer- 
raneaa, and the Euxine fea, towards Switzerland; but 
this gradual rifing is fmall, and has little effed on 
the figure of the earth. If it was confiderable, it 
would carry the inland parts too high in the atmo- 
fpherej but it is fufficicnt for giving acourfc to the 
rivers, and preferving the beautiful circulation of 
water, ib neceflary to the good condition of this 
globe i and the extent of the continents has been 
probably contrived with a view to this great purpofe*' 
Upon the whole, the earth is evidently globular tho* 
not an exaft fpherc, and if feen at a diftance would 
appear to us as the fun or moon ; that is, always 
terminated by a circular figure, unlefs this diftance 
was fo great as to make it appear like Venus or Mars % 
V(hen, in confcqucnce of the contraftion of the ap- 
parent diameter, the whole furface would appear to 
be crowded in one point, and the Alps^ Pyrenees, and 
even the diftant CerdtUeras, would reSoft undiftin- 
K 3 £iiiQied 
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gujflicd rays. At fuch diftances its Bgure could not 
be difcerned by fcnfe, unlcfs it was aflifted by a telc- 
fcope, or fome equivalent inftrument. 

10. The ocean, which covers a great part of the 
furface of the earth, is more accurately globular than 
the folid parts ; and it is manifelt that this ariies from 
the gravitation of its parts towards the earth, acting 
in right lines perpendicular to its iurface. For if its 
diredion formed an acute angle with the furface, thp 
fluid water would neceflarily move towards that fide, 
and could not be in aquilibrio till the direction of 
gravity became perpendicular to the furface every 
where, fo as to give no inclination to the fluid to 
move towards either fide. The perpendiculars to a 
fpherical furface meet all in the centre of the fphere. 
Therefore, fince the earth is nearly a fphere, the di- 
reftion of the gravity is nearly towards its centre -, 
not as if there was really any virtue or charm in the 
point called the centre, by which it attracted bodies, 
but bccaufe this is the refult of the gravitation of 
bodies towards all the parts of which the earth con- 
fifts i as will appear more fully afterwards. The 
direftion of gravity is not any one fixed or deter- 
mined one, as the vulgar arc apt to imagine 5 nor is 
there any occafion for pillars or inilrumenis of any 
kind to fupport the earth ; that direction being al- 
ways downwards which is towards the centre, or (to 
fpeakmore accurately) which is perpendicular to the 
fluid furface or level, on the concave fide i and that 
direction being upwards which lies in a perpendicular 
to the furface on the convex fide. Was the earth 
aU fluid, all the furface would be on one level, and 
no one part would have a pre-eminence above the 
.refl: in this refped: ; and bodies would be fuftwned 
by the earth equally round all its furface with equal 
firmnefs and fecurity. Thus there is no difficulty 
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in conceiving that there are jfniipodes j and ic appears 
equally abfurd that bodies flioutd fall off from any 
other part of the earth, as that they fliould rife here 
into the air. 

1 1. This principle of gravity extends to all bodies 
around the earth. For the gravity of the air being 
eftabliftied beyond all difpute, by the Celebrated ex- 
periments of Galileo and ^orricelli, and many others 
of the fame kind, it eafily appears that all terreftrial 
bodies whatfocver are heavy, or gravitate towards 
the earth 5 ^d that the apparent levity of feme of 
them proceeds only from the greater gravity of the 
ambient air, which makes them rife upwards, for the - 
fame reafon that cork rifes in water, and lead in 
qoick-filver j or from their being carried off by fome 
medium entangled in its parts. The gravity of ter- 
reftrial bodies muft the rather be allowed to be uni- ' 
verfal, becaufe, by the moft accurate experiments, , 
it is always found to obferve the fame proportion as 
their quantities of matter i and not to depend on the 
figure or bulk of bodies, or the contexture of their 
parts, but always to meafure their quantity of mat- 
ter, and to be mcafured by it only, abftrailing from 
the influence of the medium in which they fwim. 
For gravity always generates the fame velocity, in 
bodies of all forts, in the 'fame time ; and therefore 
muft a<S equally on equal portions of matter, and 
on a greater portion with a force proportionally 
greater. The direftion of this power is nearly 
towards the centre of the earth ; for, at prefent, we 
abftraft from the variation of its figure from that of 
a perfect fphere, arifing from its motion on its axis. 
The force of this power is fuch, that it carries all 
bodies downwards about 15t^ feet, of Paris mea- 
fure, in a fecond of time. Tiiis is the refult of ac- 
cpr^tc experiments ; every body would fall jijft fo 
H 3 m«cli" 
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much if it dcfcended freely in the plumb-line, or 
perpendicular to the horizon, and met with no re- 
liftance from the air or ambient medium. When 4 
body is projefled' in a right line that is not perpcndi- 
piilar to the horizon, it moves in a curve, but fo a$ 
to fall always below the point in the line of prelec- 
tion which is direiftly over it, as much as it would 
have fallen by defcending freely in the peqiendiculaf 
in the fame rime j provided we fuppofe gravity tp 
a&L in parallel lines, as was ufual before Sir I/aae 
Newton found it neccITary to confider this fubjeik 
more accurately, and which may be admitted, with- 
put any fenftble error, in fuch motions as our engines 
are able to produce. . 

It. The globular figure of the earth, with the 
direftion and force of gravity, being difcovered by 
thii artaijfis^ a great variety 6f phenomena may be 
thence deduced by the Sjpthttic method. The whole 
fUxEtrine of the fpherc may be explained from the 
figure of the earth, either in the Pyibagerean of 
Ptolemaic fyftem. As the fun appears to go round the 
whole circle of 360 degrees in 34. hours, fo in ooe 
hour he appears to defcribe 15 degrees, and one de- 
gpee in 4 minutes of time, on the equator or its pa- 
rallels. Hence the diltance of meridians at- two 
places, meafured upon the equator, or their differ- 
ence of longitude, being known, it is eafy to coni- 
pute how much the hours at one place precede tfie 
fame hours at the other, by allowing four minutes of 
time for each degree of that diftance 1 and converfe- 
ly, the difference of time being given, the difference 
of longitude is computed by allowing one degree 
for each four minutes of time, and proportionally in 
greater or leffer diffcrertccs. And it is obvious that 
^hc hours of the day, which are fucceflive in any one 
place, are cq-^iftent when you take in the whole 
' ^/ ■ ■ ■ ■ ' globe^ 
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globe ; fo that no hour of the day can be aflignedi 
but a meridian can be likewife afTigned where it i> 
that hour at this prefcnl time. The fmfible horizsa 
of any place is 3 plane perpendicular to the plumb- 
line at that place, and tangent to the earth's furface 
there. The rational boriz^m ii a plane through tho 
earth's centre parallel to this, whofe poles are the 
s^enith and nadirt in the fame manner as the north 
and fouth poles of the world are the poles of the 
equator. The particular phznotnena of places de> 
pcnd upon the pofitioo of their horizon with refpeft 
to the circles of the apparent diurnal motion of the 
■fun and ftars. The horizon of a place at the equa* 
tor paffcs through the poles, and divides equally the 
equator and its parallels. Hence the days and 
nights are always equal in fuch places, and each of 
the ftars performs one half of its revolution above 
their horizon, and the other half under it. The 
circles of diurnal motion are all perpendicular to 
their horizon, and therefore they are faid to be in a 
right fpbtre. When the fun moves in the equator, 
he rifcs direfliy from their horizon to their zenith, 
and then defcends directly to their horizon ag^in ; in 
other cales, after riling perpendicularly, he Hopes 
away in his parallel towards the north or fouth lide 
' of their zenith, according to the feafon of the year % 
which muft be a confiderable relief to ihem, as tho 
heat mud: thereby be abated. At the poles, their 
horizon coincides with the equator; fo that th? 
northern celeftial hemifphere muft be always in view 
of the northern pole, being above their horizon, 
while no part of the fouthern hemifphere is vifibie to 
them, being always beneath It. ' The circles of the 
diurnal motion being parallel to the equator, and 
conlequently to their horizon, the fun and ftars ap- 
pear to them to move in parallels to their borizon % 
the fixed ftars never rife nor fet, and the fun rifes at 
R 4 M 
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the vernal equinox and feti at the autumnal; fo that 
they have day for one half year and night for the 
oihier. They arc faid to be under a parallel ff here. 
In intermediate places, the circles of the diumaj mo- 
tion are oblique to their horizon ; ' one pole is always 
elevated above it by an arc equal to the latitude of 
the place, and the other pole is deprefled under it by 
an equal arc. All the Itars whofe dillance from the 
elevated pole exceeds not the latitude of the place 
are conllantly above their horizon ; and thofe within 
the fame diftance of the other pole are deprefled un- 
der it, and are never vifible to them. The equator 
and horizon being great circles divide each other 
equally, whence the days and nights are equal every- 
where when the fun defcribcs the celeftial equator. 
But when the fun is on the fame fide with the ele- 
vated pole, a greater portion of his parallel is above 
the horizon than under it, and therefore the days are 
longer than the nights : and when the fun is on the 

. other fide of the equator, .a greater portion of his 
(liornal parallel is below the horizon than above it } 
and confequently the nights are longer than the days. 
Thefe are faid to be under an cblique fpbere. In all 

. thofe di&crent places, the time in which they have 
day (that is, when the centre of the fun is above the 
horizon) is equal to the time in which they have 
niglit, or when the centre of the fun is beneath their 
horizon, taking the whole year together ; abftrafting 
from the effcifts of refraftion and the elliptic figure 
of the earth's orbit, which are not confidered in the 
dofbrine of the fphere. But thele equal times are 

. dillributcd with a good deal of variety. At. the 
equator they have i2 hours day and 12 hours night, 
perpetually fucceeding each other. At the poles 
they have their day all at once and their night at 
gnce, each of half ^ year. In intermediate places, 

th? 
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the length of their days at one feafoh is compcnfatcd 
by the length of the nights at another. Within the 
polar circles, they have the fun continually for fomc 
days, or weeks, circulating above their horizon; 
but, in the oppofite feafon of the yea^ he continues 
as long beneath their horizon ; and thus the equality 
of the tinKS of day and night is prefcrvcd, when 
we abftradt from the fun's having a fenfible dia- 
Hicter, from the cffefla of refraftion and twilight, 
and the elliptic figure of the earth's orbit ; but, in 
confequence of tt^fc, the time in which they have 
day confiderably exceeds what is commonly called 
night, particularly in the northern hemifphere. The 
amplitude of , the fun, or his range upon the horizon, 
has likcwife great varieties, which are cafily deduced 
from the fame principles. It is leafl: at the equator, 
amounting there to 23* 29' on each fide, towards 
the north and fouth of the call and weft points. In 
the latitude of 56° it amounts to above ,45', on 
each fide of the fapie points j and the arc between 
the moft northern and fouthcrn points where he rifes, 
aiid fets, is above a quadrant. At the polar circles, 
his range on the horizon is the whole femiqirck froiq 
north to fouth. A circle perpendicular to the mcriT 
dian and horizon is called the prime vertical^ and, 
being .a great circle, it cuts the equator equally, and 
all places that are under it bear due eaft or weft from 
us ; whence many of the geographical paradoxes ar« 
explained. The art of diailing is deduced from the 
fame principles. The moft fimple kind pf dial is 
an equinoiftial one, where the ftiadow is received 
vpon a plane parallel to the circles of the fun's diur- 
nal motion, and is projefted by a _fiylus, or right 
line, perpendicular to thofe planes. Becaufe the fua 
moves over equal arcs On its parallel in equal rimes, 
the motion of the ihadow in this dial muft likewifc 
\ic unifQrn:!, fq that the intervals fectwepn (he hourj 

mul^ 
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muft be equal ; which is therefore made by dividing 
a circle into 24 equal parts. The conftruftioo of 
other dials is eaiily deduced from this : but our de- 
Cgn obliges us to mention thefe things very briefly. 
"We have a remarkable inftance of the beauty of 
truth when we obfervc what a variety of phanomena 
arife from fo few fimple principles as the fphericat 
figure of the earth, its diurnal motion, and the ob> 
liquity of its axis, as we take a furvey c^ the earth 
from the torrid to the frigid zone, or from the equa- 
tor to the poles, and attend to the phxnomena of 
heat and cold, as well as of thofe of day and night, ■ 
and of the apparent motions of the ftars. A diver- 
fity of phsnomena fo very great, ariling from two 
principles of fo ftmple a nature, aK)rds a curious 
speculation to the underftanding, as well as a pleaf- 
ing entertainment to the imagination, and fervcs to 
fuggcft the admirable fertility of which nature is ca- 
pable in its produdiions ; infomuch that upon one 
globe we have fome image or reprcfentation, in the 
climates from the equator to the poles, of that great 
variety that we may fuppofe to take place in the 
iblar fyftem, from Mercury, the nearcft and hotteft, 
to Saiurrty the remoteft and coldell of all the 
planets. 

13. Tho* the doftrine of the fpherc may be ex- 
plained from the Ptolemaic^ as well as from the 
Pythagorean or Copernican fyftem, by fuppofing the 
frimum mobile to penetrate the whole uoiveric (the 
earth and its appcndicles only excepted) and to carry 
every thing round the earth's axis every day j yet 
this hypothefis, to every thinking peifon who has 
not devoted his judgment entirely to the prejudices 
of fcnfe or diftates of fuperftition, appears fo very 
abfurd, that it is now almoft univerfally exploded. 
The motions of the (omeu^ performed with lo much 
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freedom in the celeflial fpaces, fhew us that the folid 
prbs ar^ imaginary, and that there can be no fuch 
univcrfal mover that carries all the univcrfe along 
with it : nor is there any axis upon which this im- 
mcnfc machine can be fuppofed to turn. The pro- 
digious velocity, which, according to this dofcrine, 
muft be afcribecl to the remote fixed ftars; cannot 
but ftiock thofe that have any juft notion of the vail 
extent of the univerfc. The afcribing lb -extraordi- 
nary a pre-eminence to the earth, to which it appears 
p have no title, argues a partiality unworthy of phi- 
lofophers ; efpecially fince we fee that moft of the 
other bodies of the fyftcm, even the fun himfelf, 
furn round upon ihdt axes, which would induce us, 
if we were upon the furftce of any of them, to 
afcribc the fame pre-eminence to that one, and to 
place it in the centre of the whole. But befides thefe 
and other confidcrations, the retardation of pendu- 
lums carried to the equator, with the increafe of the 
degrees of the meridian from thence to the poles, arc 
pbfervations that demonftrate a centrifugal force, 
greatcft at the equator, and gradually diminjfhing 
fowards either pole, where it vanilhes. Now this 
centrifugal force is an evident proof of the diurnal 
rotation of the earth upon its axis ; therefore, in 
treating of the celeftial motions, we Ihall entirely 
abftraft from the apparent diurnal motions of the 
planets, as pertaining to the earth only ": and thus 
our amfyfti of the caufes that produce the celeftial 
motions is founded on the real- ftaie of things, an4 
^ot on fallaciops appearances. 

i^. The doArinc of the fphere is eafily deduced 
from thefe true motions. One half of the earth is 
illummatcd by the fun at all times, and the other 
half always deprived of his light. The boundary 
pf light and tiaricncfs is a great circle of the earth, 
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It is day at any place while it rcrolves in the illumi- 
nated part, but night while it moves in the part that 
is hid from the fun's rays. The diurnal motion is 
from weft to eaft, and rhe fun rifcs tx> any place 
when it arrives at the i}Oundary of light and dark- 
ncfs on the wcflr-fide, and fets when it arrives at the 
fame boundary on the eaft. The point where a right 
line joining the centres of the fun and earth cuts the 
furface of the earth, is that which has the fun in the 
vertex or zenith, and is the pole or middle point of 
the illuminated difk. The circle defcrJbed by the 
earth's ahnual motion, or the fun's apparent mo- 
tion, is the eclipiic\ and, bccaufc the axis of the 
earth is oblique to the plane of this circle, it cuts the 
equator (in ari angle of 23° 29), and the two 
points of interlcflion are called the equinoftial points ; 
jn which the fun appears When the axis of the earth 
is perpendicular to the right line drawn from its cwi- 
tre to the centre of the fun. Thofe are called the 
Iblftitial points which are at go" diftance from the 
former, and where the fun appears when he declines 
moil towards the poles. The equator being a great 
circle, fo as to be equally divided by the boundary 
of light ajid darknefs, the day therefore at the equa- 
tor is always equal to the night. It is obvious that 
when the fun appears on (he north fide of the equa- 
tor, the northern pole muft be in the illumined hemi- 
fphcre i fo that it muft be day there from the vernal 
to the autumnal equinox, but that they muft be de- 
prived of the fun's light from the autumnal to the 
vernal equinox ■, and that it is the contrary at the 
ibuth pole. In any place that is on the fame fide of 
the equator with that which has the fun in the zenith, 
a greater part of the parallel to the equator defcribed 
by that place muft be in the illuminated bemifpherc 
than in the other ; fo that the day muft be longer 
jhan the night : but it is the contrary when ^he place 
\ ' ^ 
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is on the oppofite fide of the equator, and then the 
night muft be longer than the day. In the fame 
manner all the other phicnomena of the doftrine of 
the fphere may be deduced from the true motions in 
the Jyltem. 

15. We have given a fummary account of whac 
was known concerning the gravity of terreftrial bo- 
dies, before Sir Ifanc Newton. As the figure of the 
earth is owing to this principle ; fo, as Copernicus 
very juftly obfcrved *, it is highly reafonable to fup- 
pofe that by a like principle, diffiifed from the fun 
and planets, their figures are preferved in their va- 
rious motions. Various attempts and fchemes have 
been propofed, for explaining the nature of this 
power and its caufe ; but all have proved' unfucc'elT- 
fui. Des Cartes ^ deduced it from the centrifugal 
force of his fubtle matter revolving on the axis of 
the earth ; but this account has been already re- 
futed ■\. Others confidcred it as a fort of mag- 
netifm ; fau: the powers of gravity and magnetifm 
differ widely in mod eHendal circumftances. Others 
derived it from the prefTure of the atmofphere j aU 
tho' the air is fo far from producing gravity, that it 
conftantly fubdufts from the weight of bodies. But 
all we want to conclude here, is, that this power 
extends univerfally to all forts of lenfible bodies, at 
or near the earth's furface ; ^d that jt has ihcfe two 
remarkable properties -, firft, that it is proportional 
to the quantity of matter in bodies ; fccondly, that 
it a6l:s incelTantly or continually, and with the fame 
force upon a body that is already in motion as upon 
a body that is at reft. The laft property appears 
from hence, that it produces equal accelerations in 

* See Book \. Chap, 3. { z. 
t See Book I. Chap. 4. §4. 
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felling bodies in equal times. Both thefe properties 
diftinguifii it from fuch caufes as are wholly, mecha- 
nical } which either a£t in proportion to the furface 
or to the bulk of bodies, and produce a lefs accele- 
ration in a body that is already in motion, ip the 
direction in which the caufe afls, riian upon a body, 
at reft, in the fame time. Wc here obferve thefe 
things concerning gravity, not witl^ a view to deter- 
mine any thing concerning its caufe, but only to 
pave the way for what follows concerning the uni< 
verlality of this principle. 



CHAP ir. 

The moon is a heavy bod^t and gravitates towards thi 
earth in the fame manner as terreftrial bodies, 

■ I. O I R. -5'*'^ Newton confidering that the powef 
l3 of gravity afts equally on all matter on the 
furface of the earth or near it, that it is not fenfibly 
lefs on the tops of the higheft mountains, that it af- 
fcdls the air and reaches upward to the utmoft limits 
of the atmofphere, and that ic cannot be owing to 
the influence of any fenfible terreftrial matter ; he 
could not believe that it broke off abruptly, but was 
induced, on thefe grounds, to think it might be a 
more general principle, and extend co the heavens ; 
ib as to affefb the moon at leaft, which is by much 
the ncareft to us of all the bodies in the fyftem. The 
abfurdity of thofe who had taught that the heavenly 
bodies were made of fon^ inexplicable fubftance, 
effentially different from that of our earth, had fuf- 
ficiently appeared from modem difcoverics : the phi- 
lofophers no longer made that diftindtion, which 
had been founded on fuperftition and vulgar preju- 
dices only. The earth was allowed to be of the 
number 
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number of che planets, and the planets were con0- 
dered as like our earth. To complete this refem- 
blance, our author has ihewn that they confift of the 
fame heavy gravitating fubftance of which the earth 
is formed. 

2. The efFefts of the power of gravity upon ter- 
reflrial bodies may be reduced to three clafles : Firfit 
in confequcnce of it, a body, at reft, fupported by 
the ground, or fufpended by a ftring or line of any ' 
kind, or that is any way kept from falling, endea- 
vours, however, always to move j and in fuch cafes, 
its gravity is meafured by the preffurc of the quief- 
cent body upon the obftacle that hinders its motion. 
Secondly, when a body defcends in the vertical or 
plumb-line, its motion is continually accelerated, in 
confequence of the power of gravi,,y's afting incef- 
fantly upon it j or if it be projed;e(i upwards in the 
fame right line, its motion is continually retarded, 
in confequence of the fame power's a<£ting inceflantly 
upon it with a contrary direction: and, in fuch 
cafes, the force of gravity is meafured by the ac- 
celeration or retardation of the motion produced in a 
given time, by the power continued uniformly for 
that time : but if the body defcend or afcend aloi^ 
an inclined plane, or move in a reOfting medium, 
then, in meafuring this power, due regard mtift be 
had to the principles of mechanics defcribed in the 
preceding book. Thirdly, When a body is projefted 
in any direction different from the vertical line, the 
direftion of its motion is continually varied, and a 
curve line is defcribed, in confequence of the incef- 
fant aftion of the power of gravity, which in fuch 
cafes is meafured by the .flexure or curvature of the 
line defcribed by itj for the power is always the 
greater, ceteris paribus, the more it bends the way 
or courfe of the body from che tangent or direiftion 
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in which it was prqjeiled. Effefts of the power of 
gravity, of each kind, fall under our conftant ob- 
fcrvation, near the furface of the earth -, for the famtf 
power which renders bodies heavy while they are at 
reft accelerates them when they defcend perpendi- 
cularly, and bends their motion into a curve line 
when they afe projected in any other direftion than 
that of their gravity. But we have accefs to judge 
of the powers that aft on the celellial bodies by the 
effefts of the laft kind only : we fee bodies near the 
earth falling towards it ; but this is a proof of the 
moon's gravity that cannot be had, till the prefent 
ftate of things comes to its diffolution. When a 
body is projedted in the air, we do not fee it fall in 
the perpendicular cowards the earth, but we fee it 
falling every moment from the tangent to the curve, 
that is, from the direftion in which it would have 
moved if its gravity had not afted for that moment. 
And this proof we have of the moon's gravity : for 
tho' we do not fee her falling diredily towards the 
earth in a right line, yet we obferve her defcending 
every moment towards the earth from the right line 
which was the diredion of her motion at the begin- 
ning of that moment ; and this is no lefs evidently a 
proof of her being a<5ted upon by gravity, or fome 
power like to it, than her reftilincal defcem would 
be, was (he allowed to fall freely towards the earth. 

9. If we had engines of a fufficJent force, bodies 
might be projefted from them fo as not only to be 
carried a vaft way without falling to the earth, but fo 
as to move over a quarter of a great circle of it, or 
(abftrading from the effefts of the air's refiftance) 
fo as to move round the whole earrh Without touch- 
ing it, and, after returning to their firft place, com- 
mence a new revolution with the fame force they 
firft received from the engine, and after that a third, 

and 
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and thus revolve as a moon or fatellite round the 
earth for ever. If this could be effeded near the 
earth's furface it might be done higher in the-air or 
even as high as the moon, could the engine, or an 
equivalent power, be carried up and made to a£b 
there. By increasing the force of the power, a body 
proportionally larger might be thus projeded : and, 
by a power fufficiently great, a heavy body not infe> 
rior to the moon might be put in motion at firfl: ; 
which, being perpetually retrained by. its gravity 
from going off in a right line, might revolve for 
ever about the earth. Thus Sir J/aac Newton faw 
that the :curvilineal motion of the moon in her orbit, 
and of any projeftilc at the furface of the earth, 
were phaenomena of the fame kind, and might be 
explained from the fame principle extended from the 
earth fo as to reach the moon ; and that the moon 
was only a greater projeftile, that received its mo- 
tion, in the beginning of things, from the Almighty 
Author of the univgrfe. 

4. But to make this perfeftly evident, ic was 
nccelKiry to (hc\/ that the powers which aft on the 
moon, and on proje£liles near the earth, and bend 
their motions into a curve line, were direftcd to the 
fame centre, and agreed in the quantity of their force 
as well as in their dire<5bion. All we know of force 
relates to its diredion or quantity, and a conftanc co- 
incidence and agreement in thefe two refpefts is fuf- 
ficient ground to conclude them to be the fame, or 
fimilar, phjenomena derived from the fame, or from 
, like caules. It was {hewn in the lail chapter, thac 
the gravity of 'heavy bodies is direfted towards the 
centre of the earth ; and it appears from the obfer* 
vations of aftronomers, that the power which ada 
on the moon, inceSantly. bending her motion into 4. 
curve, is dircfted towards the fame centre ; for they 
S find 
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find chat the moon docs not defcribc an exad circlp 
about the earth ; but an ellipfe or oval ; and that (he 
approaches to the earth, and thea recedes from iti in 
every revolution, but fo as to have her motion acce- 
lerated while fhe approaches to the centre of the earth, 
and retarded as ihe recedes from it } Which is an in- 
dication that ihe is a£ted on by a power dired^d, ac- 
curately or nearly, towards the centre. 

5. That this may appear more fully, let us fup- 
pofc that a body is projeftcd in any right line, and, 
if no new force aft upon it, then mull it proceed in 
that line, defcribing equal fpaces in equal times, by 
the firft law of motion ; and if you imagine a ray 
drawn always from the body to fome fixed pomt, 
that is not iji the line of its motion, while the body 
moves over equal fpaces in equal times, that ray will 
dcfcribe equal triangular fpaces * in equal times ; 

* All the reafoning here fuppores only one propoGtion very 

fenerally knowa, that " triangles on the fame bafe, or on eqaal 
aTes, thai bare the fame height, are equal to each other ;" 
from which iteafily follows, i. That while a body by an nai- 
form motion defcribes the line a r, (Fig. ^t.) ana moves over 
the equal parte a b, a c, in equal timet, tlici triangle) dercrihed 
by a raj; drawn always from the body to the given point s, vix. 
A a B, D »c, muft be equal, becaufe their balei a b, b<; are equal, 
and tbey have their common vertex in ». 2. Suppofe a force to 
aA 00 [he body in s, direfled toward s, chat would carry it to 
s, if it aSed alopc apon the body, in the time tune in wluch 
the bodv by its uDirorm motion would dcfcribe ■ c, and the; 
body w'll now deicribe b d the diagonal of the parallelogram 
B E D c in the fame dme, and the ray drawn from the body to 1 
will dcfcribe the triangle b s d equal to b s c, becaafe tbey ara 
on the faipe bafe b s and between the parallels b s, G P ; tbu. 
is, thefpace defcrtbed now by the ray is equal to the Cpace thu 
would have been deferibed by it if no new force had afled on thq 
body B ; from which it appears, that the fpace deferibed by the 
my 11 not increaicd or diminiSied by any aftion of the body di- 
nOfiA tOHTvd) t. and thetefore (be ray drawn from the bpdr V* 
a willfiill continue to dcfcribe equal Ipaceataccfnaltitaes, Uva 
new force aft upon it bat what is direfted cowardi s. 

becaufe 
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becaufetliefe. triangles^ defcribed by the ray in equal 
times, will have equal bafes on the line of projedtion, 
and one commoa vertex in that fixed poinc Sup- 
pole next. that a force, dire(9:ed to the fame Rxed. 
point, afts upon the body, and it will' now be car- 
ried out^'of the firft line of its motion into a new di- 
reftiOD, but the area or fpace defcribed by the ray, 
drawn always from the body to that fixed point, will 
be equal to the fpace that would have been defcribed 
by the ray in the fame time if no fuch force had 
aited upon the body j for thcfe fpaces are triangles 
ftanding on the fame bafe (vrz. the firft diilance of 
the body from that fixed point) and between tha 
iame pM-allel lines. The power, therefore, directed 
towards the given point has no efFe6t on the magni* 
tude of the area or Ipace defcribed .by the ray that is 
fuppofed to be drawn alw;ay5 from the body to that 
point { it may accelerate or retard the motion of the 
body, but afiedls not the area. Therefore the ray 
muft ftill continue to defcribe the lame fpaces in 
equal dmes about the given point, as it would have 
done if no new force had aSted on the body, but ie 
had been permitted to proceeed uniformly in the line 
of projection. 

6. As one impulle towards the g^ven point has no 
efFe£l: on the area, or fpace, defcribed by the ray 
tending always from the body to that point, fo any 
number of fuccefllve impulfes direded to the fame 
point can have no eifed on that area, fo as to acce-. 
lerate or retard its defcription ) and, if you fuf^oie 
the power directed to that point to ai^ continually, 
it will bend the way of the body's motion into a 
curve i and. may accelerate or retard its velocity, 
but can never aSedt the area defcribed in a given 
time by the ray fuppofed to be drawn always from 
the body to the given point j which therefore wiU " 
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be always of an invariable quantity, equal to that 
which would have been dcfcribcd in the fame' time, 
if the body had proceeded uniformly in a right line, 
from the beginning of the motion. 

7. The converfe of this theorem fiiew3, that the 
equable increafe of the areas defcribed by a ray, 
•drawn always from a body to a given point, is an 
indication that the direftion of the power that afts 
upon the body, and bends its way into a curve, is 
direfted to that point. It is eafy to fee, that if that 
power was direfted to either fide of the point •, it 
would increafe or diminilh the area defcribed by the 
ray drawn from the body to the point ; fo that if 
equal areas continue to be defcribed about it in equal 
times, we may be aflured that the power is dire&ed 
to that point. If a body defcribe a circle with an 
equable motion, fo as to move over equal arcs in 
equal times, the areas defcribed in equal times by a 
ray drawn from the body to the centre of the circle 
will be equal, and it is plain that the force which 
bends the body into the curve muft tend to that 
centre i for if it was direfted to any other point, the 
body would be accelerated in its motion as it ap- 
proached to that point, and retarded as it removed 
to a greater diftancc from it. We have explained 
this propofition at fome length, becaufe it is of the 
greatcft confcquence in this philofophy. From it we 
learn, that the force which -retains the moon in her 
orbit is dircfted to the centre of the earth, bccaufis 
Ihe defcribes by a ray drawn to the centre of the 
earth, equal fpaccs in equal times, being accelerated 

* If a new force aAed npon the body at b, that was cluefled 
to ritb«r fide of s, the body, tnftead of being found in the line 
c D, would, in the fame time, either pafs that line or fall Aon of 
it. and the area defcribed by the ray drawn from the body 1 
would either be greater or lefs than a 8 c. 
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in her motion as (he approaches to the earth, and 
retarded as Ihe recedes from it. We IhaD, after- 
wards, fee that a TniaU inequ^ity in thefe fpaces only 
ferres to conhrm our author's phtlofophy. 

8. There is, therefore, a power which a£b on the 
moon, like to gravity, directed to the centre of the 
earth j and as this power m^es her fall from the 
direi5lion of h& motion every moment towards the 
earth; fo, if her projeftile motion was deftroyed, 
■ the fame power would make her fall to the earth, in 
a dired line : and becaufe this power a^s IncefTaQt- 
ly, bending, every moment, her way into a curve,' 
it therefore would make her defcend to the earth 
with an accelerated motion, like that of heavy bo- 
dies in their fall. It remains only to fhew, that the 
power which a£bs on the moon agrees with gravity in 
the quantity of its force, as well as in all other re- 
fpefts. But, before we compare them in this parti- 
cular, we are to obferve, that the power which afla 
upon the moon, is not the fafne at all diftances from 
the earth, but is always greater when ftie is nearer to 
the earth. To be fatisfied of this, it is only necef- 
fary CO fee that to bend the motion of a body into a 
curve, when it moves with a greater velocity, re- 
quires the aftion of a greater power than when it 
defcribes the fame curve with a lefs velocity. This 
is obvious enough, but may appear more fully thus : 
unagine a tangent (Fig. 53.) drawn at the beginning 
of a fmall arc defcribcd by the body, and as this is 
the line which the body would have followed if no 
new power had aiftcd upon it, the effeft of that 
power is eftimatcd by the deprefllon of the other ex- 
tremity of the arc under that tangent : now ic is 
plain, that in arcs of the fame curvature or flexure, 
the greater the arc is, the farther muft one extremity 
of it fall below the tangent drawn at the other ex- 
S 3 tFcmitf^ 
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tremity ; and confequently when a body defcribes a 
greacer arc, it muft be a£ted on by a greater power 
than when it defcribes a lefTer arc in die fame time; 
Now as the moon approaches t© the earthy her ino* 
tion is accelerated, is fwifteft at her leaft diftancc, 
and nowell at her greateft diftance, and the arcs 
which Ihe defcribes at her grcateft and leaft diftance 
have the fame curvature, therefore the force which 
ads upon her ac her leaft diftance, when her motion 
is fwifter, muft be the greater force. 

9. It will not be difficult to fee according to what 
Uw this, power varies, at her greateft and teaft dif- 
tances from the earth. That it may appear more 
eafily, let us alfume a fimple cafe, and fuppofe that 
her leaft diftance is the half of her greateft diftance. 
If this was true, the moon would move with a double 
velocity in her leaft diftance, that the area defcribed 
there by a ray from her to the earth might be equal 
to the area defcribed by fuch a ray in the fame time, 
at her greateft diftance ; fo that Die would defcribe at 
her leaft diftance an arc, in one minute, equal td 
the arc fhe would defcribe in two minutes at her 
greateft diftance ; and would fall as much below the 
tangent at the beginning of the arc, in one minute 
in the lower part of her orbit, orthe ^r|'^«i», as 
in two tninutes in the higher part of it, or her 1^- 
gatum. .If therefore her projcftile motion was de- 
Itroycd at her leaft diftance, ftie would faH towards 
the earth as much in one minute, as in two minates 
if her projedtiie motion was deftroyed at her greateft 
diltance. But the fpaces defcribed by a heavy body 
ifi its defcent are as the fquares of the timeft, by Book 
II. Chap. I. §11; and fuch a body defcends thro' 
a quadruple fpace in a double time ; fo that the 
mocin defcending freely at her gfeateft diftance, 
would aecciTdrily fall four tim«s a» far ia two mi- 

nuKj 
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nutes as in one minute. Therefore Ihe would fall 
thro* four times as much fpace, in one minute, at 
her leail diftance, as at her greateft diftance in the 
fame time. But the forces with which heavy bodies 
defcend, are in the iarne proportion as the fpaces de- 
fcribed, in confcqucnce of thofe forces, in equal 
fmall parts of time ; confequently the power that 
afts at the leaft diftance is quadruple of that which 
a^s at the greater diftance, when the latter js fup- 
pofcd to be double of the former ; or the forces arc 
as 4 to I, when the diftances arc as 1 to 2. We 
find, therefore, that the force which afls upon the 
moon, and bends her courfe into a curvilinear orbit, 
increafes as the diftance from the centre of the earth 
dccreafes,' fo as to be quadruple at half the diftance. . 
In the lame manner it is ftiewn, that if her leaft 
diftance was the third part only of her greateft dif- 
tance, her velocity would be triple at the leaft dif-' 
tance, to prcferve the equability of the areas de- 
fcribed by a ray drawn from her to the centre of the 
earth ; and that ihe would be aifted upon by a power 
which would have the fame efFedl: there in one mi- 
nute, as in three minutes at her greateft diftance i 
fo that if Ihe was allowed to defcend freely from each 
diftance, ihe wonld fall nine times as far from th* 
leaft diftance as from the greateft, in the fame time -, 
confequcntly, the power itfelf which caufes her 
defcent, would be nine times greater at the third part 
of the diftance j or the diftances being as i to 3, 
the force of gravity at thofe diftances would be as 
9 to I, that is, inverfely as the fquares of the dif- 
tances. In the fame manner, it appears that when 
the greateft and leaft diftances are fuppofed to be in 
any proportion of a greater -to a leffer number, the 
velocities of the revolving planet arc in the inverfe 
Sacio of the fame numbers j and that the powers, 
S 4 , Whith 
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which bend its motion into a curve, are in the inverfe 
ratio of the fquares of thofe numbers. 

lo. In general, let t (Fig. 53.) reprefent the 
centre of the earth, a l p the moon's elliptical orbit, 
A the apogaum, p the perig^eum, a h and p k the 
tangents at thofe points, a m and p n any fmall arcs 
defcribed by the moon in equal times, at thofe dif- 
tances ; m h, k k, the fubtenfes of the angles of con- 
tad, terminated by the tangents in h and k. : then 
M H and N K will be equal to the fpaces which would 
be defcribed by the moon, if allowed to fall freely 
from the refpeftive places a and p, in equal times ; 
and will be in the fame proportion to each other, as 
the powers which aft upon the moon, and infle£t 
her courfe, at thofe places. Let a fs be taken equal 
to p u, and m b, parallel to p. p, meet the tangent at 
Am b; then, bccaufe the curvature of the ellipfe 
is the fame at a as at ?, fs /> is equal to k n } and, 
if the moon was to fall freely, from the places p and 
A, towards the earth, her gravity would have a 
greater effcdt at p than at a, in equal times, in pro- 
portion as m ^ is greater than m h. But m h'i% the 
fpace which the moon would dcfcribe freely by her 
gravity ar a, in the time in which a h would be de- 
fcribed by her projeftile motion at a 5 and M H is 
the fpace thro' which Ihe would defcend freely by her 
, gravity at a, in the time in which a h would be de- 
fcribed by her projeftile motion ; and thofe fpaces 
being as the fquares of the times, it follows that m b 
is to M H, as the fquare of a i to the fquare of a h, 
or (becaufe of the equality of the areas t a h, t p k) 
as the fquare of T p to the fquare of t a. There- 
fore the gravity at p is to the gravity at a, as the 
fquare of t a to the fquare of t p ; that is, the gra- 
vity of the moon towards the earth increafes m thc- 
fame proportion as the fquare of the diftance from 

the 

nyn,-.^hyG00^le 



Chap; 2. PHrtosopHicAL Discoviries." 165 

the centre of the earth decreafes. Sir Ifaac Newton 
fliews the univerfality of this law, in all her dif- 
' tances, from the diredion of the power that a£ls 
upon her, and from the nature of the eUipfis^ the 
line which ihe defcribes in her revolution i and ic 
follows from the properties of this curve, that, if 
you take fmall arcs dcfcribed by the moon in equal 
times, the fpace by which the extremity of any arc 
defcends towards the earth below its tangent at the 
other extremity, is always greater in proportion as 
the fquarc of the diftance from the focus is lefs: 
from which Jt follows that the power which is pro- 
portional to this fpce obfcrwes the fame pro- 
portion. 

II. The moon's orbit, according to the obferva- 
tions of aftronomers, differs not much from a circle 
of a radius equal to fixty times the femi-diameter of 
the earth ; and the circumference of her orbit, is, 
therefore, about fixty times the circumference of a 
great circle of the earth % which, by the French ma- 
thematicians, was found to be 123249600 Pdr^aw 
feet. The circumference of the moon's orbit is 
cafiiy computed from this ; and, fmce Ihe finilhes 
her revolution in 27 days, 7 hours and 43 minutes, 
it is eafy to calculate what arc fhe defcribes in odv 
minute. Now, to compute by what fpace one end 
of this arc falls below a tangent drawn at the other 
end, we learn from geometry that this fpace is nearly 
a third proportional to the diameter of her orbit and 
the arc {he defcribes in a minute ; and by an eafy 
calculation this fpace is found to be 15^ Parijtan 
feet. This fpace is defcribed.in confequence of her 
gravity towards the earth, which, therefore, is a 
power, that, at the diftance of fixty femi-diameters 
of the ear^, is able to malu her defcend in one mi- 
out? 
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nute througli 15^ Parifian feet. This power in- 
creafes as ftie approaches to the earth : in order to 
fee what its force would be at the furface of the 
earth, let us fuppofe .her to defcend fo low in her 
ortMC, at her leaft diftance, to pafs by the fi»face 
of the earth. She would then come fixty times 
nearer to the centre of the earth, and move, with a 
velocity fixty times greater, that the areas, defcribed 
by a line drawn from her to that centre in equal 
limes, might ftili continue equal. ■ The moon there- 
for pafling by the furface of the earth, at her low- 
cft diftance, would defcribe an arc in one (econd of 
time (which is the fixtieth part of a minute) equal 
to that which Ihe delcribes in a minute at her prefenC 
mean diftance, and would fall as much below the 
tangent at the beginning of that arc in a fecond, as 
flie falls from the tangent at her mean diftance in a 
minute } that is, fbe would fall near the furface of 
the earth 15 iV Partfian feet in one fecond of time. 
JDow tlHs is ezaflty the fame fpace through which 
all heavy bodies are found by experience to defcend 
^ their gravity, near the furface of the earth, as 
we obferved above. The moOn, therefore, would 
defcend at the furface of the earth with the fame ve- 
locity, and every way in the fame manner, as-heavy 
bodies fall towards the earth -, and the power which 
2^9 upon the moon, agreeing tn direction and force 
with the gravity of heavy bodies, and afting incef- 
fantly eveiy moment, as their gravity docs, they 
Miuft be of the fame kind, and proceed from rfie 
fame caufe. 

12. The computation may be made alfo after 
this manner : the mean diftancc of the moon from 
the earth being fixiy times the diftanee of heavy 
bodies at the furface from its centre, and her gravi^ 
increafing in proportion as the fquareof her diftanee 

from 
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from the centre of the earth decreafes, her grainty 
would be 60 X 60 times greater near the furfacc of 
the earth than at her prefent mean diftance, and 
therefore would carry her through 60x60x15,^ 
Tarijian feet in a minute near the lurface : but the 
feme power would carry her through 60 x 60 times 
kfs Ipace in a fecond than in a mmate, by what has 
been often obferyed of the defcent of heavy bodies \ 
and, therefore, the moon in a fecond <£ time would 
fall by her gravity near the furface of the earth 15^^ 
farijian feet ; which therefore is the fame with the 
gravity of tcrreftrial bodies, 

13. Thus Sir Jfa^c Newton (hewed that the power 
of gravity is extended to the moon ; that the is 
heavy, as all tiodies belonging to the earth are found 
by perpetual experience to be ; and that the moon is 
retained in her orbit from the fame caufe, in confe* 
qucncc of which a ftone, bullet, or any other pro- 
jeftile, defcribes a* curve in the air. If the moon, 
or any part of her, was brought down to the earth, 
and projefted in the fame line and with the fame ve- 
locity as a terreltrial body, it would movfe in the 
fame curve ; and if any body was carried from our 
earth to the diftance of the moon, and was projeded 
in the fame direftion and with the fame velocity with 
which the moon is moved, it would proceed in the 
fame orbit which the moon defcribes, with the iame 
velocity. Thus the moon is a prtgeftile, and the 
jnotion of every ■ projeftile gives an image of the 
motion of a fatelUte or moon. Thefe phxtKMnena 
are fo coincident, that it is manifeft they nuaft flow 
from fhe fame caufe. 
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CHAP. III. 

Cftbe folar Jyfiem\ and the parallaxes of the planets 
and fixed fiars. 

I. TT A V I N G -fhcwed that gravity is extended 
_|_ \_ from the furface of the earth to the moon, 
and to all diftanccs upwards, decrcafing in a regular 
CDurfe as the fquares of thofe diflances increaic, our 
author did not ftop here : as any confiderable difco- 
very in nature generally opens a new fcene, fo va- 
luable a one as this could not be barren in Sir IJaat 
Tiewtoii's hands. The gravity of the mooti fug- 
gefted to him the univerfal gravitation of matter j 
and fo fwccefsful an account of her motion led him 
to explain all the curvilinear motions in the folar 
fyftem, from the fame principle. The earth can- 
not be confidered as the centre of the motions of any 
body in the fyftem but of the moon only, with which 
(he forms one of thofe leffcr fyftems of which the 
vaft folar fyftem confifts. The inferior planets. 
Mercury and FenuSj do not fo much as include the 
earth within their orbits, but manifeftly revolve 
round thefun ; forfometimes they are farther diftant 
from us than the fun, and at other times pafs be- 
tween him and us, but never are feen oppofite to 
the fun, or appear removed from him beyond a cer- 
tain arc, which is called xhcir great eft elongation. The 
higher planets, Mars, Jupiter and Saturn^ move in 
orbits which include the earth indeed i but it appears 
from their motions, which viewed from the earth 
are fubjefl to many irregularities, that the earth is 
not to be confidered as the centre of their orbits. 
Sometimes they appear to proceed in thefe orbits 
from weft to caft, fometimes they feem Jiationary - 
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or without motion, and at other times they appear 
retrograde^ or to go backwards from eaft to weft : 
and thefe irregularities, tho' different in the different 
planets, are exadly fuch, in all of them, as ftiould 
appear to us in confequence of the motion of the 
earth in her orbit, 

2. The motions of all the planets about the fun 
are conftant and regular. They all move round 
him from well: to caft, almofl in the fame plane, in 
elliptic orbits that have the fun in one of the /i?«, 
but of which fome approach very near to circles. 
Mercury poffcfles the loweft place j where moving 
with the grcateft velocity of them all, and in the 
leaft orbit, he finiflies Kis revolution in two months 
and a8 days. The planet Venus, which is called by 
us ibmetimes the evening ftar, fometimes the morn- 
ing ftar, according as it appears to us eaflward or 
weftward from the. fun, and confequently fcts later 
or rifes earlier, is next to Mercury in the fyftcm, 
and revolves in about leven months and 15 days. 
Above thefe [next in order revolves fh? earthy with 

. her fatellite the meon, in the fpace of a year. Mars 
is above the earth, and is the firft which includes the 
earth, as well as the fun, in his orbit ; which he de- 
fcribcs in one year, ten months and 22 days. Higher 
in the fyftem and at a great diftance Jupiter revolves, 
with his four fatellites, in eleven years, ten months 
and 15 days. Laft of all, Saturn, with five fatel- 
lites, and a ring peculiar to him, moves in a vaft 
orb' with the Uoweft motion, and finifiies his period 
in 29 years, 5 months and 27 days. 

3. Suppofe the earth's mean diftance from the 
Jun to be- divided into ioq egual parf^, then the 
mean diftanccs of Mercury, Venus, Mars, Jupiter 
aod Saturn, from the fun, IbaU conlUl of nearly 3S, 

7h 
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72, 152, 520 and 954 fuch parts, refpeairely. 
Or if they be required with greater eKaSncis, let 
the earth's mean diftance be rcprefenced by looooo, 
and the diftanceS of thofe fcveral planets mall be re- 
jMTfenicd by the numbers 38710, 7235J, 1523^9, 
520096, 9540Q6, rcfpeftively. 

The diftances of Mercury and yams are deter- 
fnined by their greateft elongations from the fun. 
Let s (Fig. 54.) reprefcnt the fun, t the earth, and 
fuppofing A V B the orbit of yeaus to be pei^flly 
circular, draw t v a tangent 5 thm ftiall v reprefent 
the place of ffnas where her elongation from the 
fun is greateft, and the triangle 9 v t being right an- 
gled at V, it follows that s t, the diftance of the 
earth from the fun, is to s v, the diftance of fenus 
from the fun, as the radius to the fine of the angle 
s T V the greateft elongation of fenus from ifhe fun. 
In this manner, the diftances of the inferior planets 
are compared with the diftance of the earth from 
the fun. The diftances of the fupcKor planets are 
determined from their retrogradations, and, in fuch 
as have iateUites, by the eclipfcs of thofe latellites. 
For example, let 1 (Fie. 55-) reprefent the planet 
Jupiteft and if the right line s i, joining the cen- 
tres of the fun and Jupiter, be produced to m, then 
ihatl I M be the axis of his ftiadow, 'the pofition of 
which is determined by the eclipfcs of the facellites, 
and Ihews the beliecentric place of Jupiter, i. e. his 
place viewed from the fun. produce the line t r, 
which joins the centres of the Earik and Jupiter, to 
N, and N Ihall reprefent the geocentric place of Jt^i- 
ter, i. e. his place when viewed from the earth. 
The difference oS thofe places ^veB the angle n i m 
or T I s ; the angle its, the ctohgadon of Jupitar 
from the fun as fccn from the earth at t, is eafily 
found by obferration ; confequenUy aU the angles of 

the 
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the triangle t i s are known, with the proportion of 
its fides, which is the lame as of the lines of thofe 
angles ; and thus the proportion of s i, the diftance 
of Jufittr from the fun, to s t, the diftance of the 
earth from the fun is difcovered. The an^te t i s is 
that under which s t the femi-diameter ofthe earth*i 
orbit would appear if viewed from i, or the elonga,- 
tion of the earth from the fun as it would appear to 
A fpeAator at Jupiter. 

4. In the firft chapter of this book, we explained 
at length how the diftances of the ceieftial bodie; 
are di&overed by what is called the diurnal parallax, 
that is, the angle under which the femi-diameter of 
the earth would appear at thofe diftances. By this 
method .the diftance of tt^ moon from the earth is 
compared with its femi-diamctcr. When Vams and 
Mars are at their leaft diftances from the earth, it is 
of ufe likewife for eftimacing thole diftances. But 
in moft other cafes, the diftances of the celeftial bo- 
dies are fo great, and the femi-diameter of the earth 
bears lb fmall a proportion to them, that the angle 
under which it would appear, viewed at fo great 
diftances, cannot be difcovered by our inftruments, 
with any tolerable accuracy. Therefore aftronomers 
have been obliged to have recourfe to other inven- 
tions. The method propofed hj Ariftarcbus for 
determining the diftance of the fUn, by obferving 
the time when the moon's difk appears to be haif il- 
luminated by the iun, may be conGdered as an at- 
tempt CO fubftitute the femi-diameter of the moon's 
orbit in place of the femi-diameter of the earth. 
Let 3 and t (Fii. 56.) rcprefent the fun and earth, 
I. the moon's place when t l is perpendicular to s i,, 
at which time her difk ought to appear to us to be 
bifefted by the boundary of light and darknefs upon 
^r furnace ; and it is manifcft that t 9, the diftance 
4 <»f 
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of the earth from the fun, is then to t l, the diftanqe 
of the moon from the earth, as the r^ius to the 
fine of the angle l st, the complement of the angle 
STL the elongation of the moon from the fun at that 
time. But this method, though very ingenious, has 
proved unfucccfsful ; ■ aftronomers finding it imprac- 
ticable to determine the time of this bifcftion of the 
lunar diik vyith fufficient exaftnefs for this purpofe. 
We learn from it, however, that the diftanceof the 
fun is vaftly greater than that of the moon ; for it 
is obvious, that the nearer the angle s t l approaches 
to a right ooe, -the greater muft the diftance s T be 
in proportion to x l ; and that if this diftance s t 
was infinite, then s t l would be a right angle. Now 
aftronomers find it very difficult to difcover any dif- 
ference between the angle s t l and a right angle, or 
between the time when the lunar diflc appears to be 
bifeded and the quadrature ; from which it f<^ws - 
that s T is vaftly greater than t l. 

5. Aftronomers finding the diurnal parallax of no 
ufe for determining or comparing the greater dif- 
tance^ in the celeftial fpaccs, the femt-diameter o( 
the earth being too fmall a bafe for this purpofe, have 
had recourfe to what they call the annual parallax. 
In place, therefore, of the femi-diameter of the 
earth, they fubftituted the femi-diameter of the orbit 
defcribed by the earth annually about the fuji; or, 
in place of two ftations or fpedators, one of which 
was fuppofcd to be at the furface ^nd the other at the 
centre of the earth, they fubftituted one at the earth 
and another at the fun. In this manner they ob- 
tained a bafe that bears a confiderable proportion to 
anydiftances within the folar fyftem, and with which 
they were able to compare them by accurate obfer- 
vations. As, in the former cafe, they compared the 
dlftances in the heavens with the femi-diameter of 
6 Ihe 
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the earth, by Ending under what angle it would ap- 
pear at thofe diftances ; fo in this cafe, they com- 
pare the Vaft diftances of the planCts from the fun 
with the (cmi-diameter of the earth's orbit, by find- 
ing under what angle this femi-diameter appears at 
thofe diftances. This angle is greater at the diftance 
of Adars than at that of Jupiter^ and is greater there 
than at the diftance of Saturn \ decreafing always 
with the diftance, till at length it become too fmall 
to be difcerniblc by the exaiteft inftruments we have. 
Let I (Fig. 55.) reprefcnt any remote objed in the 
fyftcm, A the point where the earth pafles betwixt 
the fun s and that objeft'i, i t a tangent . from the 
point I to the earth's orbit, fuppofed to be circular : 
and when the earth is at a, the object <i will appear 
in the fame place to the earth and liin ; but when 
the earth comes to t, if we fuppofe i to have no 
motion, it will appear to the earth in the right line 
T I, and will appear to have gone backward by the 
arc that meafu'res the angle t i s, the fame which the 
femi-diameter of the earth's orbit s t fubtcrids at 
I ■, and this angle being determined by obfervation, 
its fine will be to the radius, as s t to s i ; that is, 
as the diftance of the earth from the fun to the dif- 
tance of the objcft 1 from the fun j which propor- 
tion, therefore, is eafily computed by trigonomeiiy. 
"When the objedt i has a proper motion, an allow- 
ance muft be made for this motion, after it is deter- 
mined by obfervation. 

The appearances, in this cafe, may be explained 
in tlifi: following manner. Let s i produced meet 
the fpnere in which the fixed ftars are apparently 
difpofed in m, let the two tangents t i and / i meet 
the fame in n and », and fuppofing the objeft i to 
vibrate continually between n and n Uke a pendu- 
lum, imagine this arc n n itfelf to be carried along 
T the 
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the arc d m e with the proper motion and direftion 
of the objed i. If i rcprcfenr a planet, the arc n w 
which meafures the angle s i n or t i t, will Ihew 
how much the planet is retrogade, the half of which 
angle is s i t j which being known, the proportion of 
8 I to s T is (:omputed as above. 

6. We afcribc the annual motion to the catth and 
not to the fun, according to the Pycbagsrean fyftem 
revived by Copernicus., for many reafons ; fome of 
which Were briefly mentioned in § r. and 2. By 
comparing the periodic dmes of the primary planets, 
and their diftances from the fun, and by comparing 
the periodic times of the fatellites that revolve about 
"Jupiter and Saturn with 'their refpedtive diftances 
from their primary planets, it appears to be a gene- 
ral law in the folar fyftem, chat when feveral bodies 
revolve about one centre, the fquares of the periodic 
times increafe in the fame proportion as the cubes of 
the diftance from that centre ; that is, the periodic 
times increafe in a higher proportion than the dif- 
tances, and not in fo high a proportion as th^ fquares 
of thofe diftances, but accurately as the power of 
the diftance whole exponent is 14, or as the number 
which is a mean proportional between thofe numbers 
that rcprefent the diftance and us fquare. The earth 
is'the centre of the motion of the moon, in all the 
fyftems. If the. fun li'iewife revolved round the 
earth, we Ihould expeft that the fame general law 
would take place in their periodic times and diftaqces 
' compared together ; or that the fquare of 27 days, 
7", 43' would be to the fquare of ^G^ days, 6 , 91', 
as the cube of the moon's diftance from the earth 
to the cube. of the fun's diftance from the fame: 
from which it is eafy to compute that the fun's dif- 
tance ought to-be little more than 54 times greater 
tiian the moon's diftance ; whereas it is evident, 
4 from 
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from the minutenefs of the fun's diurnal parallax, 
that the fun's diftancc is. fome hundred times greater 
than the moon's diftance from the earth.. But if, 
with Copernicus, we fuppofe the earlh to. revolve 
about the fun in an orbit placed betwixt thofe of 
Fe?ius and Mars, this law will be found to obtain 
between the periodic times and diflances of the earth 
and any of the planets from the fun compared toge- 
ther J and the' harmony of the fyltcm will appear 
complete. The retrogradations and ftations of the 
planets, and the many apparent irregularities in their 
motion^ and diftances from the earth, furnifh us with 
fo many arguments againft the Ptolemaic fyftem, ac- 
cording to which thofe appearances are explained 
by a number of perplexed folid orbs and epicycles, 
in a manner unworthy of the noble fimplicicy and 
beauty of nature. It is likcwife to be remarked, 
that thofe inequalities are different in the different 
planets, but in each of them are fuch as ought to 
arife from the annual motion of the earth. The 
arguments derived from the magnitude of the fun, 
and its great ufefulnefs to all the bodies in the fyftem, 
which ieem to entitle it to the moft centric place, 
are too obvious to require our infilling on them. 
The earth and planets revolve about the fun, in or- 
der to enjoy the benefits of his light and heat ; but 
no ^'eafon appears why the fun and planets Ibould 
revolve around the earth. 

7. There is but one argument againft the annual 
motion of the earth that deferyes any notice, viz. 
The want of an annual parallax in the fixed ftars. 
Let T A ; (Fig, 57.) reprefent the earth's orbit about 
the fun s, T X the axis of the eardi, and /.v, paral- 
lel to T X, fhall reprefent the pofition of the fame 
axis at the oppofiie point t. Suppofex x to be di- 
^ T 2 - reeled 
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rented towards the ft'ar p ; and it is mani^ that the 
axis of the earth will not be directed to the fame ftar 
when it comes to the fituation t x, but will contain 
an angle xt? with the line / p joining the earth and 
ftar, equal to the angle / p t, under which the dia- 
meter T / of the earth's orbit appears to a fpcftator, 
viewed from the ftar p. It might be cxpcfted, 
therefore, that by obferving the fixed ftar p from 
the different parts of the earth's orbit t, /.- (which 
may be confidered as two ftations in this problem, 
the moft fublime of all that can be brought into 
practical geometry,) we ought to be able trf judge, 
from its different appearances at thofe ftation^, of 
the angle t p f , and confequcntly of the proportion 
of T p, the diftance of the ftar, to t /, the dia- 
meter of the earth's orbit, or double diftance of the 
fun. Yet it is certain that aftronomers, hitherto, 
have not been able to difcover any difference in the 
apparent (ituations of the fixed ftars, with rcfpe£h to 
the axis of the earth or to one another, that can 
arife from the motion of tlie earth j though, fince the 
rcftoration' of the Pythagorean doftrine, they have 
taken great pains to examine this matter. In anfwer 
to thb objedion, it is obferved, that the diftance of 
the fixed ftars is fo very great, that the diameter of 
the earth's orbit bears no fcnfible proportion to it-, 
fo that the angler p ; is not to be difcovered by our 
exaftcft inftruments. Nor is this immcnfe diftance 
of the fixed ftars advanced by the Cepermcans as an 
hypothefis, merely for the fake of folving this ob- 
jei^tion ; for, as they had reafon to fuppofe the fixed 
ftars like to our fun, they had ground to conclude 
their diftance to be vaftly great, fince they appear to 
us with fo faint a light, and of no fenfible diameter, 
even in the largeft tclcfcopes. If we ftiould fuppofe 
the diftance between us and a fixed ftar to be divided 
into 300 equal parts, and a fpcftator, after pafling 
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■ over ^99 of thofc parts, fliould view it from the lafl: 
divifion, or at ■j-wr"' part of the whole diftance, the 
ftar, indeed, would appear brighter to him, but not 
fenObly minified in diameter ; becaufe it would ap-' 
pear of the fame magnitude to him at that diftance, 
as it was in a telefcope that magniBed 300 times. 
The immenfe diftance of the fixed ftars likewife ap- 
pears from hence, that when the moon or any other 
planet covers them from us, this is done in an in- 
ftant ; they difappcar at once, and not gradually as 
the more remote planets when covered by the nearer 
ones. If we join thcfe obfervations together, they 
will rather appear to confirm one another and the 
motion of (he earth, than to make againft it. The 
jmmenfe diftance of the fixed ftars, that arifes from 
them jointly, rather ftrengthens the evidence of the 
Copemitan fyftem ; becaulc the more remote the ftars 
are, the more abfurd it muft appear to fuppofe fo 
immenfe a fpace to revolve about our earth, fo in- 
confiderable a point! that to our neighbouring 
planets it is feen but as a fmall fpark of Tight; to 
others of them is hardly known ; and to fome of the 
fixed ftars, neither it nor the whole folar fyftem to 
which "it belongs is vifible. How can it be imagined 
thot thofe immenfe bodies, funk fo deep in the abyft 
of fpace, defcribe daily fuch vaft rounds about fq 
mean a centre 1 efpecially if it be confidercd that it 
is highly probable fome of the fixed ftars areimmenfe- 
!y farther diftant than others, and that all the fyftem 
of the fixed ftars, vifible to the n^kefl eye in a clear . 
night, io\m but a fmali corner of the univerfal 
fyftem ? 

8. But this is not all we learn, from the- diligence 

and accuracy of late aftronomers, in confirmation of 

the motion of the earth about the fun, and that 

fervcs to rcfolve this the only material objection 
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againft' it An inftriiment was contrived by the 
famous Mr. Graham (for a defcription of which wc 
refer the reader to Dr. Smith's excelleni: treatife of 
Optics) and executed with furprizing exaftnefs, which 
being placed in the vertical Hne, a ftar in the con- 
ftellation Draco that paflcd near the zenith was ob- 
fcrved by this inftrument for a number of years, 
with a view to difcover its patailar, by Meflrs. Mohf- 
neux, Bradley, and Graham. They foon difcovcrcd 
that the ftar did not appear always in the fame place 
in the inftrument, but that its diftance from the ze- 
nith varied, and that the difference of its apparent 
places amounted to 21 or 22 feconds. ' This ftar is 
near the pole of the ecliptic. They made fimilar 
obfervations on other ftars, and found a like ap- 
parent motion in them, proportional to the latitude 
offthe ftar. This motion was by no means ftich as 
was to have been expetfted as the effeft of a paral- 
lax ; aud it was fome time before they difcovered 
any way of accounting for this new phsenomenon : 
but at length Mr. Bradley refolved all its variety in a 
fatisfaiHiory manner, by the motion of light and the 
motion of the earth compounded togetho-. 

Let A D (Fig. ^B.) reprefent a fmall portion of the 
earth's orbit, c d a ray of light moving from the 
ftar with the diredtion c d j and if the earth was at 
reft, the telefcope would be direfted to the ftar, by 
placing it in the right line a e parallel to d c. Let 
A D be to D c,.as the velocity of the earth in its orbit 
to the velocity of light, and it is manifeft that the 
telefcope muft now be placed in the fituation a c, 
that the ray of light may ryn along its axis, and, 
after entering the middle of the objeifb glafs at c, 
may ifliie at the middle of the eye-glafs at a 1 be- 
caufe, while the ray defcribes the right line c d, the 
point A is carried forwards to p, and the telefcope 

-by 
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by movirfg. parallel to itfclf is carried into the fitua- 
tion D c. But the apparent place of the ftar is de- 
termined by the pofition of the telefcope, and con- 
fcquently the ftar will appear in the right line a c, 
and not in its true fituation a e. Thus a ftar in the 
pole of the ecliptic will .appear to haVe its latitude 
diminifiied by the angle e a c or a c d ; which will 
bp found Eo exceed 20 fecogds, if the velocity of 
light be to the velocity of, the earth as 8006 to i : 
and this ftar will in appearance defcribe a fmall circle 
round the pole of the ecliptic at a diftance from it of 
about 20". In other cafes, the ftar will appear to 
defcribe a fmall ellipfis having its centre in the true 
place of the ftar, (i. e: the place where it would ap- 
pear if the earth was at reft) its tranfverfe axis paral- 
lel to the ecliptic, and its fecond axis perpendicular 
to it 1 the former of which gives its greateft aberra^- 
tion in longitude, and the latter its greateft aberra- 
tion in latitude. If the ftar be in the plane of the 
ecliptic, the aberration thert is only in longitude. In 
this cafe, if the fays from the ftar touch the earth's 
orbit in o and h, and be perpendicular to it in a 
and B, the thotion of the earth, at g and h, beingin 
the direflion of the rayj the ftar will appear in 
its true place, and there will be no aberration at thofe 
points i but the aberration in longitude will be great- 
eft at a and b. He has explained ail the appearances 
of the ft:ars obferved by lyir. Melyneitx and himfelf, 
in, this manner ; and tho"".!!? has nqt dilcovered any 
parallax by ihefe obfervationSj he has produced from 
them a, new argument for the motion of the earth, 
by a fcries of obfervatiotis made on different ftars in 
different places. He finds ground to conclude from 
thefe, that the parallax of the fixed ftars can hardly 
exceed one fecond ; from which their diftance ought 
to be 400)000 greater than the diftance of the fun. 
T 4 . Thf. 
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The true motions in the fyftem being eftablifhcd, wc 
may now proceed fafely with our analyfis. 

9. Each of the primary planets bend their way 
about the centre of the fun, and are accelerated in 
their motion as they approach to him, and retarded 
as they recede from him ; fo that a ray drawn from 
any one of them to the fun always defcribes equal 
fpaces, or areas, in equal times-: from which it fol- 
lows, as in Chap. 2. § 5) 6, 7. that the power which 
bends their way into a curve line muft be direfted to 
the fun. This power always varies in the lame man- 
ner as the gravity of the moon towards the earth. 
The ftme reafoning by which the gravity of the 
moon towards the eartli at her greateft and lealt 
diftanccs were compared together, in Chap. 2. § 8, 
g, lO. may be applied in comparing the powers 
which a£t on any primary planet, as its greateft and 
leaft diftanccs from the fun ; and it will appear, that 
thefe powers increafe as the fquare of the diftance 
from the fun decreafes. Our author ihews this 
generally, from the nature of the elliptic curve- in 
which each planet moves. 

10. But the univerfality of this law, and the uni- 
formity of nature, ftill farther appears by comparing 
the motions of the different planets. The power 
which ai5ts on a planet that is nearer the fun is mani- 
feftly greater than that which afts on a planet more 
remote 1 both bccaufe it moves with more velocity, 
and becaufe it moves in a lefler orbit, which has more 
curvature, and fcparates farther from its tangent, in 
arcs of the fame length, than a greater orbit; By 
comparing the motions of the planets, it is found 
that the velocity of a nearer planet is greater than 
the velocity of one more remote, in proportion as 
the fquare root of the number which cxprefles the 

greater 
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greater diftancc to the fquare root bf that which ex- 
prefles the leffer diftancc j fo that if one planet was 
four times farther from the fun than another planet, 
the velocity of the firft would be half the velocity of 
the tatter, and the nearer planet would defcribe an 
arc in one minute, equal to the arc defcribed by the 
higher planet in two minutes : and tho' the curva- 
ture of the orbits was the fame, the nearer planet 
would fall by its gravity as muth in one minute as 
the other would f^l in two, and therefore the nearer 
planet would defcribe by its gravity four times as 
much fpace as the other would defcribe in the fame 
time, by the law of motion of falling bodies fo often 
mentioned ; the gravity of the nearer planet would 
therefore appear to be quadruple, from the confider- 
ation of its greater velocity only. But befides, as 
the radius of the leflcr orbit is fuppofed to be four 
times lefs than the radius of the other, the lelTer 
orbit muft be four times more curve, and the extre- 
mity of a fmall arc of the fame length will be four 
times.farthcr below the tangent drawn at the other' 
extremity in the leffer orbit than in the greater} fo, 
that, tho' the velocities were equal, the gravity of the 
nearer planet wOuld, on this account only, be found 
to be quadruple. On both thcle accounts together, 
the greater velocity of the nearer planet, and die 
greater curvature of its orbit, its gravity towards the 
fun muft be fuppofed lixteen times greater, tho' its 
dtftahce from the fun is only four times lefs than that 
of the other ; that is, when the diftances are as i to 4, 
the gravities are reciprocally as the fquares of thefe 
numbers, or as 16 to i. In the fame manner, by 
comparing the motions of all the planets, it is found 
that their gravities decreafe as the iquarcs ojf their dif* ' 
tanccs from the fun JncF<afe. 
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1 1. Thus, bf comparing the motions of any one 
planet in the different, parts of its elliptic orbit, and 
the motions of the difTerent planets in their di^erent 
orbits, it appears that there is a power like the gra- 
vity of heavy-bodies fo well known to us on the earth, 
extending from the fun to all diftances, and conlbantly 
decreafing as the fquarcs of thefe diftances increafe. 
If any one planet defcendcd to the diHance of another,' 
k would be n&cd On in the fame manner, and by the 
fame power, as that other : and as gravity prefcrves 
the fubilance of the earth together, and hmders its 
loo&r parts from being dilBpated by its various 
ntotions ; fo a like poWer, ading at the furface of tha 
fun, and within its body, keeps its parts together 
and preterves its figure, notwithftandii^ .its rotation 
on its axis. 

12. In the fame manner as this principle goveou 
the motions of the planets in the great iblar fyftem, 
it governs alfo the motions of the fatellites in the 
leffer fyftems of which the greater is compofed. 
There is the fame harmony in their motions com- 
pared with their diftances, as in the great fyftem ; 
we fee 7*pi/fr's faftUites bending their way round 
him .and falling every moment from the lines that 
are the directions of their motions, or the tangents 
of their prbits, towards him ; each defcribing equal 
areas in equal times by a ray drawn to his centre, tq 
which their gravity is therefore direited. The 
nearer fatellites nxive with greater celerity, in the 
fame proportion aS' the nearer primary planets move 
more fwitily round the fun, and their gravity, there- 
fore varies according to the fame law. The fam9 
is to be faid of Saturn'^ fatellites. There is, there- 
fore, a power that prefcrves the fubftance of thefe 
planets in their various motions, a^s at their fur- 
faces. 
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faces, and is extended around them, decrcafing in 
the fame manner as that which is extended from the 
earth and fun to all diftances. 

13. Thefe fectin^ary planets rtiuft alfo gravitate 
towards the fun. Itisimpoffible they IhouU move 
fo regularly round their refpcftive primaries, if they 
were not a'lfted on by the fame powers. If we fup- 
pofe them to be a£ted on by the fame accelerating 
power in piarallel lines, there will no diforder or per- 
plexity arife from thence j for they will then accom- 
pany their primary planets in their motions round 
the fun, and move about them at the fame time, 
with the iame regularity as if their primary planets 
were at reft. It will be ss in a Ihip, or in any fpace 
carried uniformly forward : ' in which the mutual 
aftions of bodies are the fame as if the fpacC was at 
reft, being no way ajfi^fted by that motion which is 
common to all the bodies. As every pfojeftiie, 
while it moves in the air, gravitates towards the 
fun, and is carried along with the earth about the 
fun, while its own motion in its curve is as regular 
as if the earth was at reft ; fo the moon, which we 
have ftiewed to be only a greater prc^edile, muft 
gravitate toward the fun, and, while it is carried 
along with the earth about the fun, is not hindered 
by that motion from performing its monthly revolu- 
tions round the earth. Jupiter'^ fatellites gravitate 
toward the fun as every part of Juptter^s body, and 
Saturn's fatellites gravitate toward the fun as if they" 
were pans of Saturn. Thus the motions in the great 
folar fyftem, and in the Icfler particular fyftcms of 
each planet, are confiftcnt with each other, and are 
carried on with a regular harmony without any con- 
fufloo, of mutually interfering with one another, 
but what neceffarily arifes from fmall inequalities in ' 
the gravities of primary and iecohdary planets, and 

the 
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the want of exaA paralldifin in the dirp6ions of 
diofe gravities i of whidi we are to trcu 'after- 
wards. 

14. Nor is there any body that comes, tho'* rarely 
and as a (tranger, into the lower parts of our 
fyflem, exempted from this univerfaJ gravitation 
toward the fun. When a comet appears, we fee the 
cSe£t <^ the fame power a^Hng on it i fince it de- 
icends with an accelerated motion as it approaches 
the fun, and afccnds with 3 retarded motion, bend- 
ir^ its way about the fun, and defcribing equal areas 
in equal times by a ray drawn from it to his centre. 
This power that afts on the comets varies according 
to the fame law as the gravity of the planets, as ap- 
pears from their defcribing either parabolas *, or very 
eccentric eUipfes having one of their /«« in the centre 
of the fun : our author having demonftrated, that 
the power which makes a body defcribe a paraboU 
about its focus, muft likewife vary according to 
the law fo often mentioned. If a body was pro- 
je3:ed frcKn our earth in a line perpendicular to the 
horizon, with a certain force, Cv(Z. that which would 
cany it over aboyt 420 ipiles with an uniform mo- 
tion in a minute), it would rife in that line for ever 
and return to the earth no more. Its gravity would, 
indeed, retard its motion continually, but never be 
able to exhaull it, the force of gravity upon it de- 
creafing as it rifcs to a greater height. If the body 
was projefted with the fame force in any other di- 
rection, it would go off in a parabola having its 
focm in the centre of the earth, and never return to 
the eanh again. A force a little lefs would make it 
move in a very eccentric ellipfis, in which it would 
return after a long period to its firll place j if it was 

• Prlndf. Lib. III. Prop. 40. 
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not diverted in its courfe by approaching tXK) near to 
fome celeftial body. In the lime manner, a planec 
projeded with a Certain force would go off for ever 
in a parabolic curve haying the fun in its focus ; and 
if it was projefted with a force 2 little lefs would re- 
volve in a very eccentric ellipfis having its focus in 
the fun. An thcfe motions, therefore, prooeed from 
the fame principle, afting in a various but moft re- 
gular manner in different circum(tances,'and are all 
analogous to the motions of heavy bodies projeacd 
from our earth. Effects fo fimilar are to be refolved 
into the' fame caufe, and there is hardly more evidence 
for fuppofing that it is the fame power of gravity 
that ai^ upon terreftrial bodies in Europe and in 
America, at the equator and at the poles, than that 
it is the fame principle which a^ over the whplc 
fyftem, from the centre of the fun to the remote ori> 
ofSalunt, or to the utmoft altitude of the moftec- 
centric comet. 

15. From fcveral phenomena we havereafon ta 

conclude, tJiat there is an atmofphere environing 
the fun and extended from it to a confiderable dif 
tance. The ring of light obferved around the moon, 
in a total eclipfe of the fun, in 1605, mentioned by 
Keph-y and of late in 1706 and 1724, when it was 
obferved to extend to 9 or 10 degrees diftance from ■ 
the moon, feem^ rather to have proceeded from the 
refleftion of that atmofphere, whilethe folar direft 
rays were intercepted by the moon, than from the 
rcfraftion of any atmofohere about the moon. The 
matter of this atmo^here appears to gravitate 
towards the fun, from the cffeft it has upon the va- 
pour which arifes in the tails of comets from their 
Nucleus' and atmofphere, with a dircdion oppofite 
CO that of their gravity towards the fun. For this 
vapour, 
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vapour, being higHly rariHed, Teems, to arife with this 
diredion in confequence of the greater gravity of the 
iblar atioofphere towards the fun ; in the fame man- 
ner as a column of vapQur rifes in the air, in confe- 
quence of the air's greater gravity towards the earth j 
tJie rather that this vapoAir rifes wjth more rapidity, 
as well as in greater plenty, in proportion as the c^ 
met is nearer the fun. Thus there is no fort of mat- 
ter in the folar fyftem but what we have ground to 
conclude gravitates towa^-ds the fun. 

* - i6. As to the fixed ftars, they are removed to 
fuch an.imracofc diftance, that their gravity toward 
the fun can have qg l«nfib!? e^eift upon them in 
many ages, and caonot, appear to us by the phseno- 
mena. The power of gravity decreafes in propor- 
tion as the fquare of the diftance increafes; the 
neareft fixed flat feems to be feverai hundred thou- 

. fand times farther diftant from us than the earth is 
from the fun ; and therefore their gravity muft be 
{ome looooo x 100090 times lels tha^ the gravity of 
the earth toward the fun. It is not therefore from 

-phenomena, b,ut from analogy oply, that we can 
extend the power of gravity to the fiifcd ftars. 

■There is no influence but their light only which is 
able to traverfe that vaft abyfs of. fpace that is be- 
tween us and them, fo as to have ahy fenfit)Ie efiedt. 
However, as their light is every way the fame as 
that of our fun, our author thinks the argument 
from analogy may have its weight in this cafe. If 
ihey alfo gravitate toward the fun, and toward each 
other, then we may fuppofc that the unfathomable 
void, that intervenes between the fyftems of which 
they arc probably the centres, as the fun is of our 
fyftem, may ferve to hinder them from diftyrbing 

.each otlier's motions, and from coming together inp 

one 
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one vaft unformed mafe of mattCT. It will not feem 
ftrange that wherethe fun itfelf is fcarcely vifible, the 
gravity toward it (kould be infenfiblc ; and that we 
fiiould here find no effedts of any gravitation toward 
the fixed ftars. 

17. As allien and reaSiott are always equal and Ja 
oppofite direfhions, fo that the earth, for example, 
gravitates toward every mountain as well as every , 
mountain toward the earth, and gravitates toward 
cveiy projeftile while it is moving in the air, as wdl 
as the proje£tile gravitates towards it ; and without 
this law nothing would be fteady or conftant in nature: 
hence it foltows, that the fun gravitates toward all the 
bodies in the fyftem, and that the primary planets 
gravitate toward their fatellites. The primary planets 
alfo gravitate toward one another -, iome minute ir- 
regularities in their motions, efpecially in thofe o£ 
Jupiter and Saturn!, the two greatcft placets, when 
they arc in, conjunftion and come .neareft to each 
other, are evidences of this. The motions of the 
fatellites of Jupiter and Saturn are alfo faid to be 
fubje£t to irregularities that proceed from their mu- 
tual actions. From fo many indications -v/c may at 
length conclude, that all the bodies in the ^lar fyf- 
tem gravitate toward each other ; and tho' we cannot 
confider gravitation as effential to matter, we muft 
allow that wc have as much evidence, from the pha:- 
nomena, for its univcrfality, as for that of any other 
afFedtion of bodies whatfoevcr. 
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C H A P. IV. 

0/ the general gravitation of matter. 

LT TITHERTO we have confidcred only the 
J. J, accelerating force of gravity at different dif- 
tances, to which the velocity generated by it in a 
nven time, is always proportional. It remains to 
-Slew that the motion produced by this power, ac 
equal diftances from a given centre, is always propor- 
tional to the quantity of matter in the heavy body % 
that the gravi^ of bodies arifes from the mutual gra- 
vitation of their parts ; and to afcertain the law of the 
gravitation of the particles of bodies. It is allowed 
as to terreftrial bodies, and was conHrmed from 
many accurate experiments by Sir Ifaac- Newton, that 
bodies of the fame bulk and figure, though of very 
different kinds, fufpended by lines of the fame length* 
performed their vibrations, when moving as pendu- 
lums, exafUy in the fame time ; from which it fol- 
lows, that the force of their gravity is exaftly pro- 
portional to their quantity'of matter: nor would 
there be any difference in the times of their vibra- 
tions though their figure and bulk, were different, the 
diftances between their centres of fufpenfion and, 
of ofcillation being equal, if it was not for the re- 
finance of the air. It has been already {hewed, that 
ihc moon wo;uld fall toward the earth with the fame 
velocity as any other heavy body, if flie was at the 
fame diftance from its centre 5 and it is plain that 
the forces of bodies moved with equal velocities are 
as their quantities of matter : fo that the weight of 
the moon would be to the weight of any heavy body 
at the fame diftance from the centre of the earlh, in 
the fame proportion as tlie matter of the moon is to 

tb<i 
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the matter of that heavy body. The primary pla- 
nets arc atftcd on varioufly in their different diftances, 
but according to the law which (hews that if they 
were at equal diftances they would defcend with 
equal velocities toward the fun, fo that their motion 
would be proportional to their quantity of matter. 
In the fame manner it appears, that if the fatelHtes 
of Jupiter and Saturn were at equal diftances from 
the centres of their refpeftive primary planets, they 
would defcend towards them with equal velocities. 
The earth and moon, at equal diftances from the 
fun, are afted upon by equal accelerating forces, 
and would defcend with equal velocities toward K: 
Jufiiler and his fatellites would defcend with tht 
fame velocity toward the fun, if their proje6tile mo- 
tions were dcftroycd. The fame i3 to be faid of So 
turn and his fatellites. A very fmall inequality in 
the accelerating forces that aft upon the primary 
planet and its fatellites wOuld produce very great ir- 
regularities in their motion. In all thefe cafes, equal 
velocities being generated in equal times, the mo- 
tions of the bodies, and conlequently the gravities 
that produce thefe motions, mult be proportional to 
the quantities of matter in the bodies j from which 
it follows, that all equal portions of matter, at equal 
diftances from the centre of gravitation, are equally 
heavy ; without regard to figure, bulk, or the tex- 
'ture of their parts : and that the gravitation of bodies 
arifes from the gravitation of the particles of which 
they are compc^dJ 

2. Becaufe aiJioit is always equal to reaSton, if 
you ftill fuppofe the planets at equal diftances fro.n 
the fun, and therefore gravitating toward the fun 
with forces proportional to their quantities of mat- 
ter, the fun will gravitate towards each of the pla- 
net? with forces in the fame proportion. In general, 
U the 
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t]he fame body graviutes towards any other bodies^ 
ac equal diftanccs from them, with forces, propor- 
tional to their quantities of matter ; becaule it gra- 
vitates toward them with the fame forces with which 
they gravitate towards it, which are as their quan- 
tities w matter. The power, therefore, that is ex- 
tended from the centre of the fun and of each of the 
planets, to all diftances around them, is, at equal 
diftances from their centres, proportional to their 
quantities of matter : and, in general, it appears 
that the weiglit or gravity of a body is the greater, 
in proportion as its quantity of matter is greater, as 
the quantity of matter in the body to which it gra^ 
vitates is greater, and as the fquare of the diftance 
from it is lefs. By compounding theft three pro- 
portions together, the weight, and motion, of bo- 
dies, anting from their gravitation, may always be 
determined. 

3- Gravity being found, by fo many experiments 
and obfervations, to affeft all the matter of bodies 
equally, we have hence more reafon Itill to conclude 
its univerfality i fince it appears to be a power that ■ 
adts not only at the furfaces of bodies, and on fuch 
bodies as are removed at a diftance from them, but 
to penetrate into their fubftance, and into that of all 
other bodies, even to their centres ; to affeft their 
internal parts with the fame force as the external, to 
be obftrufted in its aftion by no intervening body 
or obftacle -, and to admit of no kind of variation in 
the fame matter, but from its different diftances only 
from that to which it gravitates. 

4. The aftion of gravity on bodies arifes from its 

.aftion on their parts, and is the aggr^ate of thefe 

'.anions ; fo that the gravitauon of bodies mutt arife 

,from the gravity of all ihcir particles towards each 

. : ' other. 
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other. The weight of a body toward the earth arifes 
from the gravity of the parts of the body : the gra- 
vity of a mountain (oward the earth arifes from the 
gravitation of all the pares of the mountain towards 
it. The gravitation of the northern hemifphere 
toward the fouthern arifes from the gravitation of all 
its parts towards itj and if we fuppofe the earth 
divided into two unequal fegments, the gravitation of 
the greater toward the lefler arifes from the gravita- 
tion of all the parts of the greater toward the leffer. 
In- the fame manner, the gravity of the whole earth, , 
<Mie particle being excepted, toward that particle, muft 
arife from the quantity c^ gravitation of all the other 
particles, of the earth toward that particle. Every 
particle, therefore, of the earth gravitates toward 
every other particle of it i and, for the fame reafon, 
every, particle of matter in the folar fyftem gravitates 
toward every other particle in it. 

5. We now proceed 10 an important part of this 
dotfhine, to determine the law according to whicK 
the particles of bodies gravitate towards each other ; 
after having difcovered the law which is obferved by 
bodies compofed of thofe particles. ,To a fuperlicial 
enquirer, at firft fight, the former might poflibly 
appear to be neceflarily the fame with the latter : but 
it is eafily (hewn, that the. law which is obferved in 
the aitraftions of the minute particles of matter is 
often very different from that which is obferved by . 
fpheres compolcd of fuch particles. If, for exam- 
ple, the gravitation of the particles decreafe in the 
iame proportion as the colx:s of their diftances in- 
creafe, or in any higher proportion, the fpheres com- 
pofed of fiich particles will not gravitate towards 
each other vnth forces that decreafe in the fame pro- 
portion as the cubes of the diftances of their centres 
mcreafc, or in that higher proportion i for fpheres 
U a 'in 
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ifi contaft fhall attract each other, in thofe cales, 
■with a force Infinitely greater than when they are re- 
rtloved to the leaft diftance from contafl:, tho' there 
be very little difference betwixt the diftances of thrir 
dentres in thofe two cafes. This made it neceflary 
for Sir Ifaac Nrajton to treat of this fubje£l fully ; 
and as it is a very ufefiil part of the theory of gra- 
vity, but not to be underilood^ as he has delivered 
it, without a profound fkill in geometry and prolix 
dompucations, we fhall endeavour to defcrtbe it in a 
rtiore eafy manner, by chufing (as on other occa- 
fionsj the mofi: fimple cafes. Suppofe, firft, that 
the gravitation towards any particle decreifcs in the 
fime proportion that the fquare of the diftance itom 
it increafes, let p a e «, p B f ^ (P^S- 590 befimiiar 
cones cpnfifting of fuch particles, terminated by 
fphcricai bafcs a e a, b f ^ that have their centre in 
p } and the gravitation at p toward the folid p a E d, 
will be to -the gravitation at p cowards p b f ^, as p a 
fo p B, or in the fame ratio as any homologous fides 
of thcfc fimilar folids. For let m n fw be any furface 
fimilar to a e u, having its centre likewife in p; and 
the gravitation towards the furface a e a will be to 
that towards m n m, in the ratio compounded of the 
direft ratio of the furface a e a to m n m (or p a* to 
p M*) and of the inverfc ratio of p a* to p m*, that 
is, in the ratio of equality ; confcquently, the gra- 
vitation towards the furface a e a a Being reprefented 
by A, the gravitation towards the folid pa ea will 
be reprefented by a x p a, and that towards the fimi- 
iar folid PBF^byAxPB, which are in the ratio of 
p A to p B. In the fame manner, the gravitation 
towards the fruilum that is bounded by the furfaces 
A E a, M V m, is reprefented by a x a m. It is evi- 
dent, lilcewife, that, tho' the furfacea a e « and m k i» 
be of any other form, yet the ultimate ratio of the 
gravitations at p towards the conical or pyraKudical 

folids 
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folids PAta, FMifm, is that of p a to r m t and 
■ that if A Q_and m j be perpendicular co p h in q^ and 
;, thefe forces reduced to the direction p h will be 
ultimately in the ratio of p q_ to p j. Whence it api 
pears, that, if p b be equal to b a, the 'attraction oS 
the particle p by the cone p b ^« with which the par~ 
ticle is in contact, will be equal to the attradion of 
the fruftum of the cone terminated by the furfaces 
A £ i3, B F ^, when the xctradion of the particles is 
fuppofcd to increafe as the fquare of the diftance de-> 
creafes ; and that, in. this cafe, the attraction of a 
portion of matter is not much greater when it is in 
concaA with the particle attracted, than when it is 
removed to a fmall diHance from it. 

6. But it is otherwife when we fuppofe the at^i 
trad:ion of the particles to decreafe as the cubes (^ 
their diftances increafe. For, in this cafe, the partt-- 
cle p will tend to the furface m n » with a force that 
is as the furface, or the fquare of p m dire^y, and 
the cube of p m invcrfely ; that .is. With a force which 
is as p M inverlely, or direftly as m v the ordinate of 
the equilateral hyperbola k v i, defcribed between 
the aflymptotes p a and p h. Therefore the attracT 
tion of the fruftum u-rtmAS.a will be meafured by 
the hyperbolic area m v i a bounded by the ordinate* 
at A and m ; and"the attra&ion of the cone p m n m, 
. by the infinite hyperbolic area that is conceived to be 
formed betwixt the ordinate m v and the affymptote 
PH. It follows then, that, if fuch a law could take 
place, the particle p would tend towards the leaft 
portion of matter in contaA with it, with a greater 
force than towards the greateft body at any diftance, 
how fmall foever, from it. The fame is eafily 
ihewn when the attraction of the particles decreafes 
as any powers of the diftancea, higher than their 
cubes, increafe. It appears, therefore, that the at-. 
U 3; traction 
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traction of a particle in contact with a body is not 
fenfibly increafed by the addition or diminution of 
new matter, at any diftance, how Imall foever, from 
the contad; whether this addition or diminution be 
made to the body or particle ; and, in fuch cafes, the 
lefs the particle is, the motions produced in it at in- 
Bnitely fmall diftances, by fuch attra&ions, muft be 
the more violent ; becaule the fame force aAing on 
a particle generates a velocity in it that is always 
greater in propoition as the particle itfelf is lefs. 

7. The fame things may be demonftratcd without 
baving recourfe to the property of the hyperbolic 
area. Let p a (Fig. 60.) be to p b, as p b to J> d } 
let A B and b d be conceived to be divided into an 
inBnite number of fimilar equal parts a k, k I, Sec. 
and i m,m n,Scci then a i will bs to b f» as a b to 
B D, and the matter between the furfaces whofe radii 
are P a and p i, ftiall be to the matter between the 
furfaces whofe radii are p b and? m, as pa'x a ;t to 
PB*xBai; thatis,aspA' topB'. The attraSive 
powers of equal particles placed betwixt the furfaces 
of the radii p a and p i, and the furfaces of the radii 
p B and p m, are in the inverfe proportion, or as 
, p b' to p a', by the fuppofition ; and theft two pro- 
' portions compounded together give a ratio of equa- 
lity. Therefore, becauie the attradive powers of 
the matter bounded by two fuch furfaces are in the 
compound ratio of the attra61:ions of equal piiticles, 
and of the number of particles, it follows that the 
attraction of the matter contained by the furfaces of 
the radii p a and p k muft be equal to the attraction 
of the matter contained by the furfaces of the radii 
p B and p m. In the ftmc manner the atrraftion of 
the matter contained by the furfaees whole radii are 
P * and p /, is equal to the attraction of the matter 
between .the furfaces whofe cadii are p m aod p » v 

and 
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and the attraction of the frulhim a e n b f ^ is equal 
to the attraftion of the fruftum s f ^ d c -i. In the 
fame manner, if p b be to p d,' as p d to p h, the 
attraftion of the fruftum Dcd nvik appears to be 
equal to the attradiun of the frudum a e ds f ^; 
and if this fcries of decrcafing geometrical propor- 
tionals be continued, the attraftion of the fruftum 
contamed by furfaces whofe radii are any two fubfe- 
quent terms of the progreffion, muft be equal to the 
attraftion of the flrft fruftum a e « b f ^. But in this 
decreafing progrefHon continued from p b the num- 
ber, of terms is infinite ; and in the fohd p b f # there 
is an infinite number of fruftums, the attra^ion of 
each of which is equal to the attraction of the firft 
fruftum terminated by the furfaces a e u, b f ^ ; there- 
fore the attraftion of the folid 1, f i, which is in 
contad with the particle p, is infinitely greater thatl 
the attraction of the fruftum bounded by the fur-i 
faces A E n, b F ^, which is the greater folid, but is 
removed from the contaft of the particle p. Wc 
have taken this opportunity to ilKiftrate and demon- 
ftrate this theorem here, becaiife it will be of ufe to 
us afterwards, and ferves to fliew the advantages of 
the law of gravity which takes place in the folar fyl^" 
tern above other laws ; tho' theie, on other occalions, 
may be preferable. " 

8, The gravitation of the particles being fuppofed 
to decreafe as the fquarcs of their diftances increafe, 
the forces with which particles, fimilarly fuuated with 
refpcCt to fimilar homogeneous folids, gravitate 
towards thefe folids, are as their diftances from any 
points fimilarly fituated in the folids, or as any of 
their homologous fides. For fuch folids may be 
conceived to be refolved into fimilar cones, or fruf- 
tums of cones, that have always their vertex in the 
particles, and the gravitation towards thefe cones, or 
y 4 fruftums. 
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fruftums, will be always in the fame ratio by ( 5. 
' But if the gravitation of the particles decreafe a$ 
the cubes of the diftance increafc, the forces, with 
which particles, fimilarly fituated with refped to 
fimilar homogeneous folids, tend toward thofe folids, 
fhall be equal. For fuch iblids being refolvcd into 
fimilar fruftums of cones that have always their ver- 
tex in the particles, and ,are fimilarly fituated with 
refpe£t to diem, the gravitation towards thefe fruf- 
tums will be always equal, by what was fhcwn in 
the laft article j in the fame manner as the forces 
with which the particle p tends toward ilmilar fruf- 
tums A za BF ky D gJh K b were demonftrated to 
be equal 

'9. The gravitation of the particles being fuppofed < 
to decreafe as the fquares of their diftances from each 
other increafe, if a particle be placed within the hoU 
low folid generated by the annular fpace terminated 
by two concentric circles, or Gmilar concentric el- 
lipfes, A D B £ and adk ?, (Fig. 61.) revolving about 
the axis a b, it fliall have no gravity towards this 
fetid. For let p be any fuch particle, p r any right 
line from p that meets the internal circle or ellipfc in 
any points / and ^, and the external figure in x and 
r; then if w r be bifedted.in z, f q will be likewife 
bife£ted in 2, becaufe the figures are fimilar and fimi- 
larly fituated ; confequently/ ;« is equal to ^ r ; and 
the gravitations of p towards oppofite fruftums of 
the folid that have their vertex in /», and are termi- 
nated by the fame right lines produced from p, with 
oppofite direiftions, will be always equal, by § 5. 
and mutually deAroy each other's cffed. It fcdlows 
from this, that the gravity of any point q_ in the 
femi-diamcter c p, towards the fphere or fpheroid, 
b to the gravity at p, as c q_ to p c, fuppofmg the 
point (i,to be within the folid : becaufe the gravita- 
tion 
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don towards the folid generated by the annular fpace, 
which is included between a p b and a Q^i, has no 
efleft upon a particle at (j^i fo that the gravity at <i, 
towards the whole folid a d b e is the fame as the gra- 
vity at ci. towards the folid a d b e^ which is to the 
gravity at p towards the folid a d b e as c q_ to c p, 
by the laft article. It appears, therefore, that when 
a fphere or fpheroid, of an uniform denfity, confifla 
of particles that attraft with a force decreafing as the 
fquare of their diftance increafes, the gravitation to-- 
wards the folid decreales from the furface to the 
centre, in any given femidiameter, in the fame pro- 
portion that the diftance from the centre decreafes. 

10. Suppofe now the particle p (Fig. 62.) to be 
placed without the fphere a d b e, at the diftance 
p c from the centre c ; and this particle Ihall be at- 
tradcd towards the fphere with a force that decrcafes 
as the fquare of the diftance p c increafes. For let 
p N M be any right line from p meeting the gene- 
rating femicircle a d b in n and m, and the arc c q, 
defcribed from the centre p with the radius p c, in l s 
let p » «i be another fuch right line from p, confti- 
tuting an infinitely fmali angle with p m, meeting 
the femicircle in n, in, and the arc ch in/-, draw 
L R, / r, perpendicular to p c ip r and r, and c v 
perpendicular to p m in v. Suppofe another circle 
A d a e to interfe^t the circle a d b e in the axis 
A B, and to conftitutc with it an infinitely fmall 
angle ; and let l « and / ;e, perpendicular to the 
plane a d B, meet a </ b in s and x. Then the gra- 
vitation of the particle p, towards the matter in 
the phyfical furface l u x I, ftiall be meafured by 
t^~ or - j^ - ^ - ^" i confcquently the gravitation of p 
towards the pyramidical fruftum, terminated by the 
circular 
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c'lTCular planes a d b and a dtj and by planes per- 
pendicular to A D B in N M and « », Ihall be mea- 
fured by t^ x n m, by § 5. of this chapter. But, 
die angle contained by the planes a d b, a if s, being 

given, L is to I, R, as D ^> the arc intercepted by 
lefe circular planes at the diftance c d, to c d (or 
c A i) and L / being to r. r, as p t, or p c, to t R, 
fo that t /xL R is equal to p cxRr ; it follows that 
the gravitation of p towards that fruftum thai! be 

mcafured by ,c'xcd o'" -TclTTT 

This gravitati<Hi is reduced to the direftion p c by 
diminifhing it in the ratio of p v, or p R, to pes 

and is then meafured by "'^^^yc'^" J^ * ^ m i or 
(the fimuitaneous' increment of v m being reprefentcd 
by V e, and t R*, or p v*, being equal to v m' + 
N p M, by Eucl. 2. 6. or to v m* + a p b, fo that 
A p B being conftant, the increments of p r* and 
V M* muft be equal, and Rrx pr equal to voxvm) 

-by " '"' ■ * ^ -- ^ ""^ i which is the Gmultaneous incre- 
ment of 0?,^* ''"^■, in the fanne nnanner as the incre- 

CAX) fC*_ 

- ment of V m', while v m acquires the infinitely fmall 
augment of v «, is 3 v m * x v 0. Therefore the attrac- 
tion of the part of the flicc of the fphere terminated 
by the circular planes a d b, a ii e, which is cut off 
by a plane perpendicular to a d b in the right line 
K Mj is as "-J ^ -- " I i and the attraftion of thp 
portion of the fphere which is generated by the re- 
volution of the fegment m d n about the axis a b 
bearing the fame proportion to the attraflion of that 
nice, as the circumference of the whole circle to the 

arc D d, it is meafured by -f x — - " .^ where ~- cxi- 

prelTes- the ratio of -the circumference of a circle to 

6 the 
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the radius 1 and confcquently is dlredly as the cube 
of the chord m n, and inverfely as' the fquare of, 
R c, the diftance of the particle p from the centre of 
the fpherc. Hence the gravity at p towards the 
whole fphere is as the cube of its diameter, or its 
quantity of matter (the denfity being given) dlred. 
ly, and the {quare of the diftance p c inverfely, the 
chord M N coinciding with the diameter a b» when 
the attraction of the whole fphere is confidered j fo 
that this attraftion is meafured by ~ '^ \wc^' 

II. It appears from what has been fficwn, that 
any particle p, "without the fphere, is atirafted by- 
it with the fame force as if the whole matter of the 
fphere was coUefted in the centre, and attracted as 
one particle from that centre. For the circumference 
of the circle a d b e is exprcffed by -^ x c a, its area 

byi-x^, the furface of the fphere by 7-X2ca% 
' and its folid content by — x '^ ' ^ ; fo that the at- 
traction of this folid content afting from the centre 
c, at the diftance p c, is meafured by -^ x ' p g^ * 
the very fame which meafures the attraction of the 
fphere at that diftance, by the laft article. The 
fame is to be faid of the gravity towards the aggre- 
gate of any number of fuch fphercs that have a com- 
mon centre ; from which it follows, that however 
variable the denfity of a fphere may be at different 
diftances from the centre, provided the denfity be 
. always the fame at the fame diftance from it, the 
gravity of a jiarticle (that is not within the fphere) 
towards it will be as the quantity of matter in the 
^here dircCtly, and the fquare of the diftance of the 
'parti. 
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particle from its centre inverfely. If the attra&ioa 
of the particles increafed or decreafed in the fame 
proportion as their dilUnces increafe or decreafe, the 
^here would a£i, in this cafe likewife, in the fame 
manner as if all its matter was lodged in the centre 
as one particle t but the cafe is different when thc- 
Mtra&ion of the particles obferves other laws. Sup- 
pole that the attraflion of the particles is inverfcJy 
as the power of the diftance of any exponent s le& 
than 3, and the attraction of a fphere confilling of 
fuch particles, at its furface, will be to the force 
with which the whole matter of the fphere collefled 
in its centre would attract at the facie dtftance, as 

3x2 to 3 — rf X 5 — ». If, for example, the 
attraAion of the particles be the fame at all dillances 
(in which cafe we fuppofe s =s 0) this ratio is that of 
4 to 5 ; and if the attraction of the pardcles be in- 
Tcrlely as their diflance^ it is that of 3 to 4 ; as we 
have Ifaewn elfewhere *. 

12. Having Ihewn that when the particles gravi- 
tate towards each other with forces that are inverfeljr 
aa the Iquares of their diltances, the adtion of a 
fy\>ete upon a particle placed without it obferves the 
iajim law as that of the particles themfelves* and de- 
cr^afea in the fame proportion as the fquare of the 
diftancc of the particle from the centre of the fphere 
increi^jt •, it follows, becaufe aifioa and rea£Hon are 
c^u^i that the particle will attract the fphere by 9, 
force varying in the fame proportion ; and if, in 
plwc of the piWticle, a fecond fphere be fubftitutcd , 
unfitting of fuch pavticles, fincc the total adion of 
^is iecond fpher? will be the fame as if all its matter 
^^ }()dg?d 10 its ceptre, therefore the two fpheres 

f Treatife of Floxums, S 902. 

muft 
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muft obfervc the fame law, in ading upon each 
other, as two particles placed in their centres % ihst 
is, thdr attra^ion muft decresfe in proportion as 
the fquare of the diftuice betwixt their centres iiH 
creales. 

13. The graritation of bodies having been Tt4 
folved by Sir I/aae Newton into the gravitatiMi of 
their particles, and the law which is oUerved by tho 
gravity of bodies having been difcovcred from rfw 
phenomena defcribed at length above ; it appears 
from the pmrcding concluGons, that the gr^ity of 
the particles of .which the bodies ue compounded 
c^ferves the very fame law. He was likewife en- 
aUed, by the fame fl:q)s, to determine the prc^^^ 
of gravity from the centre of any fphere to the 
greateft diftance from it. At the centre a particle 
can have no gravity at all, being equally attraded 
every way by the matter of the fphere about it. If 
it is placed within the fphere ac fome diftance from 
the centre, its gravity will be the greater, the greater 
this diftancc is, by ^'9 ; for thcfe parts of the fphere 
only having an effe3: upon it that arc at a le^ dil^ 
tance from the centre than itfclf, and its gravity 
being as the attraifting matKr dire^ly and the fquare 
of the diflance from the centre reciprocally, fincc the 
matKr is as the cube of the fame diftance, the gra- 
vity mult be as the diftance itfelf. From the centre 
to the furface, its gravity increofcs in proportion as 
its diftance from the centre increafes ; at the furface, 
its gravity is greateft ; and from the furface upwards; 
its gravity dccreafes in proportion as the fquare of its 
diftance from riic centre increafes j regularly ob* 
ferving this law to the utmoft limits of fpace. Hew 
we fpeak of the accelerating power of gravity, which 
is proportional to the velocity that it is able to gene- ■ 
rate in any given &natl moment o£ time ; and fince 

it 
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it generates die fame velocity in tbe fame time in all 
bodies whatToerer at tbe fame diSbuice, it follows 
that their weight or jnoiion arifing from it, muft be 
proportional to thdr qiUntitiea of matter. In gene- 
ral, to cftimate the weight or motion of any Ipherc 
that is attracted by another whofc parts are equally 
denfe at equal diftances ftom its centrr, we are to 
meafure it by compounding three proportions, that 
of the matter in the heavy bodies that gravitate, 
that of the matter in the attracting fpheres to which 
they gravitate, and the reciprocal proportion of the 
iquares of the refpe£iivc diftances betwixt the cen- 
tres of the fpheres that tend towards each other % 
and this is the law which we found from the phspno- 
mena to take place in the fyftcm. See j&t. 2. of this 
chapter. 

14. Thus Sir Tfaac Newton difcovcred and fully 
defcribed, from undiiputed obfervations and unex- 
ceptionable calculations, this fimple principle of the 
gravitation of the particles of matter towards each 
odier J which being extended over the fyftem to all 
, diftances^ and diffufcd from the centre of every 
globe, is the chain that keeps the parts of each toge- 
ther, and prefervcs them in their regular morions 
about their proper centres. The fame gravity; 
which is lb Well known to us on the eanh, aSe^s 
them all ; the whole mafs of the fyftem is, in this ' 
refpcA, of a i»ece}' and this one principle, fo regu- 
larly diftufed over die whole, thews one general in- 
fluence and conduA, flowing from ene caufe equally 
adive and potent every where, ^Several obfcrvations " 
have been made of late that greatly confirm his doc- 
trine, and particularly ferve to fliew that the gravi- 
tation towards bodies arifes from the gravitation 
towards their particles. Of this kind are the mea. 
futes of a degree on the meridian made lately, with 

great 
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great accuracy, by the Fmcb mathematicians ; and 
riic declination of the plumb-line from the true ver- 
tical, in confequence of . the attraftion of a great 
mountain in tbe.neighbourhood» 



■ C H A P. V. 

Of the quantity of matter ^ and det^tty, of the fun atti 
- t planets. 

!• /Tr\H U S far oar author afcends by way of 
J_ analyfii, tracing the caufcs from their cf- 
fe£ls, and from the coincidence, or perfed ftmi- 
larity of many effeds, (hewing the caufe to be more 
general. But in order to defccnd by ^t fyntbefis, 
and to determine the effeds from the caufe now 
known, ic was not fufficiem to eftablifh the general 
gravitation of the particles of matter \ It was requi- 
lite to detcnninc, as far as poflible, the quantities of 
the powers which aft in the fyftem. We have fccn 
that there is a gravity extending from each body in 
the fyftem on all fides, at equal diftances from their 
centres proportional to their quantities of matter. 
"We knowi from experience, the force of this power 
atthc furface of our own earth, and have feen how 
to eftimate its efficacy at any other diftance. In 
order to be able to eftimate all the powers in the 
fyftem directed to their difierent bodies, it is necef- 
fary to determine the proportion of their quantities 
of matter to that of our earth. If this is once ob- 
tained, all the powers that operate in the fyftem 
being known, it will require no more but a fkilful 
application of geometry and mechanics to determine 
the motions and ph^cnomena of the celeftial bodies 
which ail flow from them. 

2. To 



D,gn,-f.rihyGOO>^IC 



^04 Sr Isaac Newtoh*s Book IlT. 

2. To meafure the matter in the fun and planets 
ttTAS an arduous problem, and, at firft fight, fecmed 
above the reach of human art. But the principles of 
this philofophy afforded a natural and eafy folution 
of it in the molt important cafes, and Sir Ifaae 
Newton has determined the proportions of the mat- 
ter that b in the Sun^ Jupitert Saturn^ and the 
Jl^*, to that in our Earth ; that is, he has fhewed 
how many earths might form a SuHy a Jupiter, or a 
Saturn. To underftand how he was able to difco- 
-rer this, we are to iecoIIe£t that the matter in each 
ef thefe is in the fame proportion as the force of gra- 
vity toward them, at equal diftances from their cen- 
ires. We know the force of gravity towards our 
. earth from the defcent of heavy bodies, and atfo by 
Calculating how much the moon falls'below the tan- 
gent of her orbit in any given time. Wc have no 
experience of any redilincal defcent of heavy bodies 
toward the Sun, Jupiter, or Saturn j but as the pri- 
mary planets revolve about the fun, and their fatel- 
lites revolve about Jupiter and Saturn, by computing 
from their motions how much a primary planet falls 
below its tangent In a given time, and how much 
any oi Jupiter's and Saturn's fatellitcs fall below their 
tangents in the feme time, we are able to determine 
the proportion which the gravity of a primary planet 
to the fun, and of a fatellite towards its primary* 
bears to the gravity of the moon towards the earth, 
in their refpedtive diftances : then from the general 
few of the variation of gravity, the forces that would 
a£t upon them at equal ditlanccs from the Sun, Jupi" 
ier, Saturn, and the Eartp are computed ; which give 
the proportion of the matter contained in tbcfe dif- 
ferent bodies.. 

' 5 . 3- That 
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- 3. That the quanuty of matter in Jupiter >^ 
greater than the quantity of matter contained in the 
earth, we may cjfily learn from the motion of his 
fatellites ■, all of which revolve about his centre in 
lefs time than the moon revolves about the earth, 
and are all, excepting the firft, at a greater diitance 
from his centre than the moon is from the earth. 
The fecond fatellite is farther diftant from Jupitef 
, than the moon is from the earth in the proportion of 
3 to z nearly ; and moves in an orbit greater in the 
fame proportion. But this fatellite finifhes its revo- 
lution in ^ days, 13 hours, which is lefs than a Je- 
Venth part of the moon's periodic time about the 
earth ; confequently its motion muft be much more 
fwift than that of the moon. A fatellite nearer Ju- 
filer would move ftill more fwifily than this fatel- 
lite : fo that if a fatellite revolved about Jupiter at 
a dillancc from his centre equal to the diftance of 
the moon from the earth, it would move much more 
fwiftly'than the moon moves about the earth, and 
thefafore would be afted on by a much greater cen- 
, tripetal forcej for it requires always a greater force 
to bend into the fame orbit a body that moves with 
a greater velocity. But the quantities of matter in 
the central bodies are proportional to their attraftive 
powers at equal diftanccs, and therefore the matter 
in Ju^ter muft very much exceed the matter in the 
earth. In like manncr» we may eafily obferve that 
'Mercury revolves about the fun in very Jiiile more 
than thrice the time in which the moon revolves 
about the earth, and yet moves in an orbit about 
140 times greater, b^ing fo many times farther dif- 
tant from the centre of his motion ; from which it is 
eafy to fee that if a fatellite revolved about the earth 
as far diftant from it a^Mercury is from the furf*, 
this f^telHtcwAuld move uaftly flower than Mercury : 
' X.. ■. whcflfi*. 
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whence it follows that the attraftive povret ot the 
fun mufl: be vaftlj fnperior to that of the earthy and 
therefore that the fun muft concaio ratUj' more mat- 
ter than the eanh. The matter in Saturn is alfo 
found to be greater than that in the earth. From 
our author's calculations, founded on thefe princi- 
ples, it fonow* that the quantities of matter in the 
Sun, Jupiter, Saturn, and the Earth are to each other 
as the numbers i, y^, tbVt* t ' 



4. The quantities of matter in the& bedjes being 
thus determined, and their bulk being known from 
aftronomical obfervadons, it is taSj to compute whaE 
matter each of them contains in the fame bulk j 
which gives the proportion of their denfities. Thus 
our author finds the denfities of the 5»», Jvptier^ 
Saturn, and the Earthy to be as the numbers lOO, 

From which it appears that the earth is more 
denfe than Jupiler, and Jupiter more denfe than 
Saturn; that is, thofc planets which are nearer the 
■fun are found to be more denfe, by which they are 
enabled to bear the greater heat of the fun. This is 
the refult of our moft fubtle enquiries into nature, 
that all things are in the beft lituations, and difpofed 
by perfeft wifdom. If ourcarth was carried ttown 
into the orb of Mercury, our ocean would boil and 
foon be djITipatod into vapour, and the dry land 
would become uninhabitable. If the earth was car- 
ried to the orb of Saturn, the ocean would freeze ac 
fo great a diftance from the fun, and the ct^ would 
foon put a period to the life of plants and aqimfll*. 
A much lela variation of the earth's diftance from 
the fun than this would dcpopudaoe the torrid- zone 
if the earth came nearer the fun, and the.t^periUe 
-zones, if it was carried from the fun. A lels heat 
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8t Jupiter's diftance is ad;^ted to the greater rarity 
of his fubftance : the confequences might be as fatal. 
in Jupiter^ if he was carried into the orb of tiie 
earth, as it would be to us to be carried into the orb 
of Mercury. The itiU greater rarity of Saturn is 
fitted to his more remote orb j fo that tho' he^ is the 
, Uftof the planets, and receives 90 times lefs light 
and heat from the fun than we do, he may ncver- 
ihelefs be in the beft fituation that could poffibly be 
kfligned hiiti in the fyftem ; and there the fituation 
of fapiter, and ttf all the lower planets, may appear 
as terrible as that of Mercury does to us. Saturn 
terminates the planetary revolutions ; and, as if the 
heat of the fun was too weak in the higher orbs^, 
"we find no bodies revolving higher, but fuch as de- 
fcend in fomc part of their orbit nearer to this great 
centre of light and heat. Upon the whole we have 
rcafon toconclude^ that they are all difpofed in fuch 
order, and in fuch fituations, from which any con- 
fiderabk variation would produce fatal effefts. The 
hypothelis of 'Dej Cartes led him to place the more 
denfe planets at a greater diftance from the fun ; but 
a philofophy founded oji the obfervation of nature 
correfponds better with the final caufes bf things* 
and proves, on every occafion^ the wifdom of tht! 
author; 

5. As aflroiiomers h^ve fpUnd no fatellites re- 
volving about Mercury, Venus^ or Mars, we arc de- 
prived of the like opportunities of comparing their 
attraftjve powers and proportional quantities of mat- 
ter. But it is highly probable, from what we have 
faid of the Earth, Jupiter, and Saturn, that the den- 
fities of the other planets correfpond to theij diftances 
from the fun, and arc greater in the nearer planets. 
Our author has alfo computed the proportion of the 
attractive powers of the 5«», Jupiter , Saturn, and 
X z lh« 
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the Earth, at their refpcftive furfaces, and finds 
them to be in proportion as thcfc nXimbers, loooo, 
943, 529, 435, refpcftively. From which it ap- 
pears that the force of gravity towards thefe very 
unequal bodies approachc» furprifingly to an equality 
at their furfaces ; fo that tho' Jupiter be feveral hun- 
dred times greater than the earth, the force of gra- 
vity at his furfacc is very little more than double 
what it is at the furfacc of the earth ; and the force 
of gravity at the farface of Saturn is but about ^ 
greater than that of terreftriat bodies. 

6. The moft conDderable powers that ad in the 
fyftem being thus determined ; before we proceed to 
confider their effcfts, it is neceflary, firft, to enquire 
whether they aft in a void, or if there is any medium 
that refifts the motions produced by them. We 
find that the air makes a confiderable .refiftancc to 
the motion of projedliles near the earth -, which, if 
jt extended unto the planetary regions, would alfo 
very confiderably affeft their motions. But experi- 
ments (hew that the denfity of the air is propor- 
tional to the force that comprefles it, and that the 
weight of the fuperincumbcrit atmofphere is the force 
which comprefles the air in every altitude j fo that 
the higher any portion of air is, having a lefs weight 
of air above it to comprets it, it mufi: t>ave lefs den- 
fity in the fame proportion ; and from this it follows, 
that if we abftrafl from the diminution of gravity, 
and the altitudes from the furfacc of the earth be 
taken in arithmetical progreflion, the dcniities of the 
air at thefe altitudes will decreafe In geometrical pro- 
greflion *. Since therefore, it appears from feveral 
experiments, made in France and England^ that the 

• See Dr. ffl,% \a hil Tranf. Nf 181. and Schh Prop. zx. 
lib. II. Fiincip. 
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denfity of the air decreafes in fuch a manner, that ' 
at the height of feven perpendicular miles it is about 
4 of the denficy it has at the level of the Tea, at 14 
miles it muft. be tV pf '^ at a 1 miles -^, at z8 
miles ;i4y, at 35 miles W-n> ^^ 42 miles ^^^Vu ^c 
the height of 49 miles rsTrr P*" ^^ i^ ^'^^ a^ '**c 
hcighcof a femidiameter of the earth altogether in- 
fenfible. It appears from the laws of motion, and 
from many accurate experiments, that th? refiftance 
of fluids arifing from the inertia of their fnatter, is 
proportional to their denfity ; and therefore the rc- 
Jiftance of the. air, tho' fenfible at the furface of the 
earth, would be 16384 times lefs at the height of 
49 miles, and could not be fenfible in the greateft 
number of ages at the height of a femidianiet^r of the 
earth t it muft be ftjll lefs at the diftance of the 
moon, which therefore, meeting with no refiftance, 
continues to revolve for ever in her orbit, without 
any ijnpedimenc or diminution of motion, As for 
a more fubtile medium than the air, no experiments 
nor obfervations (hew that there is any here, or in 1 
the celeftial fpaces, from which any fenfible reiiftance 
f sn 9rifc. ■ 
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BOOK IV. 



^he effeBs of the general pov>er of gravity deduced 
fyntbetkal^. 



C HA p, r 

O/ the tentre of the folar fyfiem. 

ll O I R Ifaae Newton having eftabUftied the gc- 
1^ neral principle of the gravitation of the par- 
ticles of matter, and having determined the chief 
powers that aft in the fyftem, viz. thofc which tend 
to the Sun, Jupiter^ Saturn, and the Earth ; and 
having found that the celeftial motions are per- 
formed in free fpaccs, where the refiftance is infcn- 
fible } he has now prepared the way for proceeding 
J^nthetitally in his account of the fyftem of the 
world, and enquiring into the various tSeAs that 
arife from a power fo evidently eftablifhed. ' Any 
general principle afcertained in nature is a great ac-: 
quifition to philofophy, eipecially when the variation? 
of this power, with its diredion and force, are clearly 
determined i and th^ fertility of this principle wiU 
appear from the various pli^nomena refolved by 
It fynthetically, of which we are now to treat. Sir 
lifaac Newton begins with enquiring into the ccht 
tre of the fyftem. The Pythagoreans afcribed this 
place to the centre of the fun, the followers oi Ari- 
fiotle and Ptolemy to the earth. But Sir Ifaac, having 
found tliat thefe gravitate towards each other and 
Jowards all tlie ochc-r bodies in the fyftem, neither 
^ ' I " ^ ■ ■ ^. 
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(rf'them, nor indeed any body in the fyftem, can be 
fuppfrfed to be void of all motion. 

2. It is the centre of gravity of the whole fyftem 
that is the only point which can be fuppofed quiefcent 
in it ; the fame point about which all the matter of 
the fyltemwoLild foon be accumulated, if the pro- 
greflive motions of the bodies in it were deftroyed,- 

' and thi;ir gravity was permitted to bring them toge- 
ther. ' The mutual aftions of bodies on each other 
never atFe£t the ftate of this centre ; their attrading 
or repelling each other produces no efFeft upon itj 
and it muft either be quiefcent, or proceed uni- 
for.iily in a right line. All feem agreed that the 
centre of the fyftem is at reft, and no reafon or ob- 
fervation argues for our afcribing any motion to it. 
The centre of gravity of the, fyftem is, therefore, the 
only immoveable point, while all the bodies in the 
fyftem move round it with various motions. 

3. As we have our knowledge of gravity, and 
the laws of nature, from what pafles on the furfacc 
of the earth, we cannot illuftrate the motions of 
the bodies of the Iblar fyftem, arifing from their 
mutual gravity, better than by fome images we find 
of them on the earth, after having Ihcwn fo fully 
the fimilarity of the powers thatadt on the parts of 
the earth and on the celeftial bodies. We know 
that when, by any power or machine, a body is 
projected in the air, the, power reafts on the earth 
with an equal force, and that if the power was fuf- 
ficient to projeft a mountain or a much larger part 

.of the earth, it would, a£t on the remainder of the 
earth with an equal force, in an oppofite direction j 
fo that while the projected part began to move in its 
curve, the remainder of the earth would begin at 
the fame time to move in an oppofite dircftion, with 
X 4 sa 
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an equal quantity of motion, but with a velocity fo, 
much lefs as the matter in tt is greater than- in the 
prqjeftcd part ; and both would revolve in certain 
orbits about the common centre of gravity, which 
wourd continue in the fame ftate as before the pro- 
jedion. If, by the refiftancc of the medium, the 
motions of thefe parts of the earth came to be de- 
ftroycd, they would come together again and be ac- 
cumulated in one mafs about the fame centre. If 
there were more fuch parts of the earth projeflex!, 
the centre of gravity of all would be no way afFcfted 
by fuch projeftions, but they would move round it» 
fo that the fum of the motions on one fide of it Hiould 
be equal to the fum of the motions on the other 
fide: and this obtains even in thbfe fmall ifiotions 
that are every day produced by powers and agents oq 
the earth. 

4. The motions of 'the great bodies in the folar 
fyftem are analogous to theJe : the different parts of 
the folar fyftem gravitate to each other, as the parts 
of the earth gravitate towards one another ; and the 
different parts of the fyftem move in the fame man- 
ner about their common centre of gravity, as the 
parts into wKich we fuppofed the earth to be divided, 
ifprojeded in any direction, would all move about 
their common centre of gravity ; or as the earth, 
and all the bodies that are aftiially projefted every- 
day on its furface, revolve about the common centre 
pf gravity of the earth and thefe projectiles. Only 
there is this difference, that the bodies of the great 
fyftem were projefted at great diilances from cacti 
other, and in fuch a manner that the planets revolve 
ip orbits ahnoft circular, fo as not IQ^comc too near 
to the fun, or to be carried too far from him, in their 
rcvoluuons. The Creator of the world had in vain 

(nadc them of deiifmcs adapted to certain diftancef, 
.... ^ 
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if he had not projefted them with tKe forces that were 
requifite to prefcrve them revolving at thofe dit 
tances, or near to ihem ; and as the greatnefs of tha 
force impreflcd on ibofe vaft bodies, fome of which 
are many times greater than our earth, ihews the 
" power, its juft quantity, varied regularly in the dif- 
ferent diftahces of the planets, and its proper direc- 
tion, fhew the (kill of ihe^fir^ mover. 

5. We rnay fiipppfe that all the matter of which 
riie fyftera cbnfifts was formed firft in one mafs, 
where now the centre of gravity of the whole fyftem 
is found J that of this mafs various, bodies were 
formed and feparated from each other to proper 
diftances, where they received their projeiftiie mo- 
tions ; and that the powers which leparated and 
moved them obferved the law of nature that re- 
quires an equality between aftion and reaftion, and 
is obferved in all the aftions of powers 4t prefcnt : 
and thus thefe, motions would begin, and continue 
for everi without producing anv motion in the cen- 
tre of gravity of the fyftem. 

- 6. When the bodies were thus moved in their juft 
orbits, we may conceive fome of them to have been 
fubdividcd again, by aftions obferving the fame 
laws, into fevera] other bodies, which in like mannn' 
were formed inro leflTcr fyftems ; as that of the earth 
and moon, thofe of Jupiier and Saturn and their 
fateilites. There is not any of thefe quiefcent in its 
particular fyftem ; the earth and moon move abo.ut 
their common centre of gravity, while it is carried 
with a regular motion round the centre of gravity of 
the whole fyftem. The fame is to be faid of Jupiter 
^nd Saturn and their fateilites ; and it is certain from 
the laws of nature, that the motions in any leflcr 
fyftem about its centre of gravity, and the motion 

of 
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of that centre about the centre of gravity of the 
vhole fyftem, interfere not with each other. A lefler 
fyftem being thus formed, one of the bodies tluc 
compofe it might be fubdivided into lelTcr bodies 
that might form a fyltem of an inferior order. Buc 
we do not find that nature carries this fubordinatioQ 
fo far, , unlels we would confider the motion of pro- 
jcftiles, near the furfaccs of the fecondary planets, as 
an example of this kind. 

7. It is next to be conQdered, where this pcnnt of 
jeft of the common centre of gravity of the fyftem 
is to be found -, and it is plain from what wc have 
already feen, that it can never be far removed from 
the fun, becaufe the matter in the fun vaiUy exceeds 
the matter in all the planets taken together : and, 
from what we faid of the centre of gravity above, it 
appean that it is always nearer the greater body ia 
ivoportion as it is greater. Jupiter is the largeft of 
the planets, and yet is but 4wt °^ '^^ ^u"> ^ ^^^^ 
their centre of gravity muft be 1067 times nearer 
the fun than JupUer ; and as the diftance of Jupiter 
is little more than 1067 femidiametcrs of the fun, it 
follows that the centre of gravity of the fun and 
Jupiter cannot be much above the furface of the fun, 
Saturn is lefs than Jupiter both in bulk and dcnficy, 
and the centre of gravity of the Sun and Saturn falls 
within the body ^ the fun : and thus it eafily ap- 
pears, that tho' all the planets were on one fide of 
the fun in one line, the centre of gravity of the fun 
and them all could fcarcely be above a femi-diameter 
of the fun from his furface : and this is the fartheft 
that the fun is ever removed from that centre. It 
appears .therefore, that tho' the fun is in perpetual 
agitation about this centre, yet, being always fo near 
it, i)C may very well be confidered by aftronoraers 
as the centre of the folar fyftem. Thus, though the 
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tcrraqucQUs globe ireceives an impreffion from everjr 
power tJiat move projaStiles in the air, «nd is, to 
fpeak acciifaftly, •gHtoed a ilittk ri^ thefe. powers 
writh a veryicompkK jnoiion, ytt wc oonfider k as at 
fe&,j nt^e^iog tadb. exceeding mimice a^iiom am} 
<heir eSe&s, 
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Shewing hew gravity products fome fatall imgulaniiei 
m the motions of ikt plamett. 

1. TF the pianets were afted on by a power di- 
J_ refted to the oentre of che fun oniy, varying 
>coordiiig to the general law of gravity, and tirait 
centre was quiefccHt, chek motion about it would te 
perteftly regular. But we found that eadi of tfce 
plaocts was ai5:«d on by a power dirciSed t© evcrjf 
body in the fyftejn. In order to judge of tiie cffiafts 
of thefe adions, -our autiior fifft iuppoSes two bodies 
equally gravitating {lowards each other, and re- 
volving about their common centre of gravity : 
fuid, fince the direSion of tlieir mutual gravitation 
paHes always Irofli the one to the other through their 
centre of gravity, and their diftaoccs from it vary- 
always in the fanie proportion as their diAanoes from 
each other : it follows, chat they nxift deforibe eqpial 
areas in equal times about that «entre, and about 
each other, and defcribe fioijUr figures aboat that 
point, and about each other *. So-tl>at in the mo- 
tions of two bodies no irregularities arife in their 
motions about each other from their -mutual attrac- 
pons } whaiever the law of their gravity be fuppofcd 
[0 b^ : only they will finilh their Tcvt^utions about 

f Prinet^, Lib. |. Pk», 58*- 

• the 
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the centre of gravity in Ids time than if the one was 
to revolve about the other quiefcenc, at the fame dif- 
tance, and with the fame centripetal force ; becaufe I 
the orbit defcribed about the centre of gravity being 
lefs than that which is defcribed by any one of them I 
About the other quiefcent (their d^blnce from each 
other being equal in both cafes) and being alfo Jimi- . 
lar to iti it mult be defcribed in leis time. 

2. If three or more bodies mutually attra6t each 
other, the gravitation of any one, arifing from the 
anions of the reft, may be determined by the rule 
for the compo6tion of motion ; and if die law of 
gravity be fuch as we 6nd to obtain in the foUr fyf- 
ttm, its gravitation wilt not be always diredlcd to 
the centre of gravity of the other bodies, or indeed 
to any fixed point, but foinetimcs co one llde of that 
centre, and fometimes to the other; and therefoFc, 
equal areas will not be defcribed in equal times about 
any point in the fyflem, and fevend irregularities 
will neccffarily arife in the motions of the bodies. 
But if you fuppofe one of thefe bodies to be vaftly 
, greater than the reft, fo that the actions of the other 
bodies may be negteAcd if compared with its a6tion, 
and the centre of gravity of the fyftem be always 
found near it, then the irregularities in the motions 
in fuch a fyftem will be very fmall. The areas de- 
fcribed in equal tin:ics, about the centre of that great 
body, will be nearly equal, and the orbits defcribed 
will be nearly elliptic, having that centre in their 
focus. That this is the cafe of the fun and planets, 
appears from what we have Ihewn concerning their 

Quantities of matter : and thus we fee that not only 
ic regular motions of the planets are to be derived 
from the principle of gravity, but alfo how their 
minute errors and irregularities are accounted for 
ftom it. The fame is the cafe ^Ji^tfr and Saturn 

and 
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and thtitfatellius. As for the Earib and the A&es; 
though there be a lefs difproportion in their magni- 
tudes, and their common centre of gravity be Tcn- 
fibly removed from the earth, yet as there are only 
■ two in their fyftem, ho irregularities arifc from their 
mutual adlions in their motions about their common 
centre of gravity, or they are eafily determined 
when the pofition of their centre of gravity is known. 
Thcfe lejfer fyftems of the Earth, Jupiter^ and Sa- 
turn., are carried about the centre of gravity of the 
general folar fyftem, without receiving any difturb- 
ance from any aftion of the futi or planets, which is 
equal on all their parts and in the fame dire£Uon. 
When a fleet of ftiips is carried away by a current 
that atFefts them equally, it has no effefl: on their , 
particular motions amongft thcmfclvcs, nor is the 
motion proceeding from the current difcovered by 
them, if they have no body in fight that is not af- 
fefted by it. In the fame manner, if the gravity 
towards the fun afted equally, and in the fame di- 
reftion, on the parts of ihefe lefTer fyftems, it would 
have no effeft on their motions amongft one ano- 
ther, and could only be difcovered by comparing 
their motions with the fixed ftars, or with fome body 
foreign to that leflcr fyftem, which is afted on in a 
different manner by the fun. But as there is fome 
variation in the adiions of the fun upon the parts of 
thefe fyftems, and in the diredions of thefe a£tions, 
from hence Ibme irregularities necelTarily arifc. 

3. Though the actions of the fun and of the infe- 
rior planets, compounded together, do not always 
produce in a fuperlor planet a gravitation exa£Uy di- 
jefted towards their centre of gravity ; yet, as upon 
the whole it is more nearly directed to that point 
than to .any other, the motions of a fuperior planet 
- will be found mure regular by fuppofing that point 
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tohe the cetitre of Us attrai^ion, rather than any 
other, and its cUipfe will be juft by placing its Uwe^ 
focus there. A planet that is higher than this wiU^ 
t^ its attraftion, have fomc effea on the motion in 
this ellipfe, but as it alfo afts on the inferior planets 
at the fame time, there will no irregularity arife from 
that part of its aftion which is equal and in the fame 
direction on them all, but from the differences of its 
aftions only j which being exceedingly minute, and 
having contrary cffefts in the oppofiie fituations of 
that higher plafict, can produce effects fcarcely fcnfi» 
ble in many revolutions. 

4. The aftion of Jupiter on Saturn when greateft 
(that is in their conjunction when their diftance is 
leaft) is found to be ^^ of the aftion of the Suit 
upon Saturn, by comparing the matter of Jupitif 
with the matter in the Sun, and the fquare of the 
diftance of the Sun from Saturn, with the fquare of 
the diftance of Jupiter from Saturn. The efieft of 
this a(5tion on Saturn is not altogetliCT infenfiblcj 
But the elliptic orb of Saturn will be found to be 
more juft, if you fuppofe its focus not to be in the 
centre of the Sun, but in the centre of gravity of 
the Sun and Jupitery or rather in the centre of gra- 
vity of the Sun and of all the planets below Saturn^ 
In the fame manner, the elliptic orb of any other 
planet will be found more accurate, by fuppofingits 
focus to be in the centre of gravity of the Sun and all 
the planets that are below ii. 

5. The whole aflion of Jupiter difturbs t(ie mO^ 
tion of Saturn in their conjunftion, becaufe Jupttef 
ads upon Saturn and upon the Sun lyith oppofite 
direftions, at that time. But, bccaiJfe Saturn afts 
then in the fame direction on Jupiter and on the 
Sun, if it afted alfo with the fame force on both, ic 

would 
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would have no cfFeft on the ftiotion of Ju^ter aboot 
the Sun, and it is by the excefs of its aftioo on ^k- 
piter above its adion on the Sun that it difturbs the - 
motion of Jupiter. This excefs is found to be 
^-sVr of the aftion of the Sun on Jupiter, and there- 
fore is much lefs than the force with which Jupiter. 
difturbs the motion of Saturn. The actions of the 
other planets on each other arc incomparably lefs 
than thcfe, and the irregularities proceeding from 
thofe adions are always lefs in any planet as it is 
nearer the fun. Only the orbit of the earth may ap- 
pear a little more irregular than that of its neighbour- 
ing planets, beca'ufe it revolves about the centre of 
gravity of the earth and moon, while that centre an- 
nually revolves about the fun. 

6. If the planets were attrafted by the fun and by 
one another, but the fun was not reciprocally at- 
traftcd by them, the centre of gravity of the.fyftem, 
becaufe of the deficiency of this reaction, wouiti 
ncceflarily be in motion ; and this would be a new 
fource of errors and irregularities. If the primary 
planets were not attraftcd by their fatellites, as well 
as the fatellites by their primary planets, other irre- 
gularities would nccelTarily arifc. If the great pla- 
nets, Jupiter and Saturn, had moved in the lower 
fpheres, their influences would have had much more 
efFeft Eo'difturb the planetary motions. But while 
they revolve at fo great diftances from the relt, they 
aft almoft equally on the fun and on the interior 
planets, and have the lefs cflfcfl: on their motions 
about the fun, and the motions of their fatellites arc 
at the fame time lefs difturbed by the adion of the 
fun.. The earth and moon move in a lower fphere, 
but their motions are the lefs irregular becaufe there 
are only two in their fyftem. ■ "We" Ihall afterwards 
Jm that the CDincts continue for * yery fmall time 
' ' "■ among 
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amotig the planetary fpheres, and that in the far 
ereater part of their revolutions they are carried to 
luch vaft diflances that their actions can have very 
Kale cffe£t on the motions of the planers^ Such is 
the kw of gravity, and the manner of its operation, 
and fuch is the difpofition of the bodies in the fyltem, 
as feems well adapted for preferving their motions 
with great regularity -, but this will appear ftill more 
fully from the following chapter. 



CHAP, llh 

O/ih approAtb and recefs of the planets to and from 
the fun J in every revolution. 

I. 'T^ H U S far we have confidered the powert 
_{. that aft in the fyftcm of the fun, arid have 
found that thofe which produce the regular motions 
of the planets vaftly exceed thofe that difturb them. 
We are next to confider how the motions in their 
orbits proceed from the aftion of thofe powers ; and 
how the planet is made to afcend and defcend by 
turns, at the fame time that It revolves about the 
centre of its gravitation. This requires an lUuflra- 
tion, the rather, becaufe we have nothing fimilar tA 
it in the motion of heavy bodies at the earth's fur- 
face ; for thefe are always made to fall to the earth 
by their gravity : in whatever dircdtion they are pro- 
jei^ed, upwards, perpendicularly, or obliquely, dieir 
gravity foon brings them down to the earth again. 
Hence many find it hard to conceive how a planet 
after approaching to the fun can recede &om it again, 
cfpecially lince its gravity is increafi;d as its diftance 
dccreafes. They ii^agine that it ought to continue 
to approach to the fun, and at length l^all upon his 
body, as h«avy bodies fall to the ear'ch. 

2. But 
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2. But we are to remember, that the force with 
whifh heavy bodies are projected, from our molt 
powerful engines, is inconfiderable, compared with 
the motions which their fgravity could generate in 
them in a few minutes ; and they move over fuch 
fmall fpaccs, when compared with their diftance from 
the centre of the earth, that their gravity is confi-* 
dcred as a£ting in parallel lines, without any fenfible 
error, fo that the centrifugal force arifing from the 
rotation about that centre is altogether negledted. 
But when we examine the motion of a projeftile In 
larger fpaces, and trace it in its orbit, we muft con- 
fider the action of gravity as direfted to i centre, 
and take in the centrifugal force arifing from its mo- 
tion of rotation about that centre -, and it will ap- 
pear, that there are indeed fome laws of gravity 
which would make the body approach to the centre 
continually, till it fall Into it; but that there are 
other laws which make bodies approach to the cen- 
tre, and fuffer them to .recede from it, by turns. 
How to diftinguifh thefe we Ihall how Confider. 

In the firft place, it will be eafily underftood that 
i£ s (Fig- 63.) be the centre of attradtion, atid a 
body is projedled with a certain force in the line a i, 
perpendicular to a s, it will defcribe the circle Aha 
with an equable nriotion, artd after a coinplete revo- 
lution return to its firft place a, with its firft motion. 
The fame gravity that adted at a upon it, and car- 
ried it below the tangent a'e, a<fts upon it at any 
other point l, at an equaljdiftance from the centre 
8, and brings it from the tangent at l thro' the fame 
length .in the fame time. The centrifugal force, 
arifing from its rotation, being equal to its gravity, 
neither of them prevails, and the body therefore 
neither approaches to the centre nor recedes from it. 
Y If 
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If you fuppofe the motion of projeftion at a to be 
incrcaled, the gravity ncccflary to keep it in the 
fame circle truft be increafed alfo ; fo that if the ve- 
locity of the projcition be double, the gravity re- 
quilice to retain the body in the fame circle muft be 
Quadruple ; becaufc a k being double of a l, the 
point K falls four times farther below the tangent 
, than the point t, as we Ihewed above : in general, 
the gravity neccflary to retain a 'body in the fame 
circle is in the duplicate proportion of the motion of 
projeftion ; and the velocity, therefore, in the fub- 
duplicate proportion of the gravity ■, fo that when 
^e gravities are as i to 4, the velocities are as i 
to 2. 

3. If the body is projected at a lefs diftance fi*oni 
the centre pf attraiflion, as at d, with the fame velo- 
city, the gravity muft be greater to retain it in a. 
circle j becaufe the curvature being greater, the ex- 
tremity p of the arc D p, equal to a l, falls farther 
, below the tangent it b, than l falls below die tan- 
gent St A, in proportion as the arc d p is more curve, 
chat is, in proportion as the diitance s d is lefs than 
s A. If the velocity of projeftion is increafed at d, 
fo that the body defcribe a greater arc d Q_in the fame 
time, than the force of gravity, neceffary to retort 
the body in a circle there, muft hi increafed in a du- 
plicate proportion ; becaufe q_T is to p a in the dupli' 
cate proportion of d q^to d p. If the velocity at d, 
for example, is greater than that at a in proportion 
as a A is greater than s d, then q^t will be to p r as 
the fquare of s a is to the fquare ofs d, and Q^t 
will be to L M as the cube Of s a is to the cube of 
s D i that is, the force requiftte to retain bodies in 
circles muft be reciprocally as the cubes of the femh- 
(fiameters, when the velocities in thefe cirdes are re- 
clprocally as the lemidiamttcrs themfelves j and co»- 
verfehft 
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^er/efyy if the gravities increafc as the cubes of the 
diitancea from the centre decreafe, the velocities ne- 
ceflaiy to carr^ bodies in circles, at dif^rent dif- 
tances from the centre of attraction, mult increafe in 
proportion as the dillances decreafe. 

4, In general, as the gravities of bodies thaC 
defcribc circles about the fame centre increafe in pro- 
portion as the fquares of the velocities increafe, and 
as the diflartccs decreafe j it follows converftly, that; 
in order to compare the velocities of projeftion thaC 
are neceflary to carry bodies in circles at thcfe diffir- 
ent dillances, we muft coitipound the proportion of 
the- gravities and the proportion of thefe diftances 
together, for this coftipounded proportion will give 
that of the fquares of the requifite velocities. So in 
the folar fyftem, if the diftances of two planets were 
as I n> 4, thegravities being as 16 to i, thefe pro- 
portions compounded give chat of 16 to 4^ or of 4 
to I, which is that of the fquares of the velocities, 
and therefore the velocities themfelves are as 2 to 1: 
In like manner we can determine the law according to 
which the velocities, neceflary to carry bodies in cir- 
cles about s, vary at any diftances, in any given law, 
of gravity. 

5. If a body is projefted at a ('H^. 64.) with a 
velocity lefs than that which is neceflary to carry it 
in a circle there, it muft fall within the circle, the 
centrifugal force, arifmg from the motion of rota- 
tion about s, is lefs than that which it would have 
in the circle a l, in proportion as the fquare of its 
velocity is lefs, and is therefore lels than its gravity 
in the fame proportion : the body, therefore, by the 
excels of its gravity above its centrifugal force, is 
made to approach to the centre. The tnotion o^ 
the body, as it defcends in the orbit a m b, muft Idc 

Y 2 accelerated 
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accelerated fo as to defcribe equal areas in equal 
times about s, and the velocity of its motion at m 
muft be greater than its velocity at a, in proportion 
as s A is greater than s p^ the perpendicular from a 
on the tangent to its orbit at m 1 becaufe if the arcs 
A K, M N, be defcribed in the fame time, the trian- 
gular fpaces A s K, M s N, being equal, the bafes a k, 
M H muft be reciprocally as their altitudes s a, s p, 
and the velocities are as the arcs a k, m n, defcribed 
in the lame time, and therefore reciprocally as s a, 
sp.' The velocity, ' therefore, in the orbit from a 
to M, increafes in a higher proportion than that in 
vhich the diftances s a, s m decreafe, becaufe s a is 
to s p in a higher proportion than s a is to s m : only 
if the direftion of the body ever become perpendi- 
cular again to the ray drawn from s, at any point, 
as B, there s m and s p will coincide, and the propor- 
tion of the yebctties will be the fame as the recipro- 
cal of the diftances s a, s b. 

6. If a body is projefled at b in a direftitui per- 
pendicular to s B, with a velocity greater than that 
which is necelTary to carry it in the circle b g h about - 
the centre of attraction, at the diftance s b, it muft 
be carrried without that circle, and recede from the 
centre s. The centrifugal force, in this cafe, arifmg 
from its motion of rotation, is greater than that 
which would arife from its motion in the circle b g if,- 
and therefore greater than its gravity ; and by the 
excefs of its centrifugal force above its gravity, it 
recedes from s the centre of attradtion. The mo- 
tion of the body decreafcs as in rifes, being retarded 
by the action of its gravity, fo that the velocity is 
always lefs than the velocity at b, in proportion as 
s B is lefs than s p^ the perpendicular from s on the 
dircdUon of its motion. 

7-A 
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7. A planet defccnds from a, which is called its 
higher apfis^ to b, which is called its lower apfisy 
and reafcends again from b to a. It defcends from 
A, approaching to the centre of attraftion, becaufe 
its velocity at a is lefs than that which would be able 
to parry it in a circle about s, at the diftance s a. 
As it defcends to lefler diftances, its velocity in ics 
orbit increaies in a higher proportion dian the velo- 
cities, which would be fufficient to .carry bodies in 
circles at thefe diftances, increafe. For the velocity 
in the orbit at.B is greater than that at -a, in propor- 
tion as s A is greater than s b j whereas the velocity 
in a circle at b is greater than the velocity in a circle ■ 
at A, as / s A is greater than v' s b. If s a -were to 
s B as 4 to I, the firft proportion would be that of 
4 to I, but the fecond that of 2 to i only. Hence 
it appears how the velocity in the orbit at b, exceeds 
that in a circle at the fame diftance, though the velo- 
city in the orbit at a was exceeded by the velocity 
that was able to carry it in a circle at the diftance 
s A. In the higher part of the orbit, the velocity of 
the body is lefs than that which would carry it in a 
circle there about s ; but the velocity in the orbit in^ 
crcafes more, by the approach of the body to the 
centre of attraflion, than the velocities requifite for 
carrying bodies in circles do, and^fo gets the better 
of them in the lower part of the orbit. Of thefc 
two each prevails over- the other by turns, in the two 
apfides i the velocity in the circle in the higher apfis, 
and the velocity in the orbit'in the lower apfis. After 
the body is carried off at b by its fuperior velocity, 
the velocity in a circle afterwatds gets the better, be- 
caufe it doq| not decreafe fo quickly as the velocity 
in the orbit, and the body is made to move, in \x.% 
afcent, in a femi-ellipfe equal and fimilarly fituated to 
that which it dcfcribed in its defcent^ 

y 3 %. The 
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8. The gravity indeed at p is greater dian the gror 
yity at a, in proportion 9s the fquare of the diftance is 
lefs. But the centrifugal force arifing from the cir- 
cular motion about s increafcs iq 3. higher propofr 
rton, viz. as the cubes of the diftances decreafe ; for 
thefe centrifugal forces are in the dircifl proportion 
of the fquares of the velocities and their invcrfc pro- 
portion of the diftances, compounded together : the 
firft of thefe is the inverfe proportion of the fquarei of 
the diftances, and "the two together compound the 
inverfe proportion of the cubes of the diftances. The 
centrifugal forces, therefore,' increafc more quickly 
than the gravities } and though the gravities prevail 
in the higher part of the orbit, the centrifugal forces 
get the better in the lower part of it. The gravity 
prevailing in the higher apfts makes the bwiy ap- 

J)roach to s, the centrifugal force prevailing in the 
ower apfis makes the body recede from it ; and, 
by their adions, the body for ever revolves from the 
One to the other. 

9. It is eafy to fee from what we have faid, that 
the body can defcend from the higher apfis to the 
lower, and afcend again from the lower apfis to the 
higher, when the velocities neceffary to carry bodies 
\n circles about the centre of attraftion ipcreafe, in 
approaching to that centre, in a lefs proportion than 
the velocity of a body moving in an orbit a m B in^ 
f reafes. For though the velocity in a cirdc in the 
greater diftances exceed theyelocrty in the orbit, thi^ 
latter, by increafing more-quickly as the diftance de- 
.ipreafes, gets the better of the other in the lower part 

pf the orbit, and carries the body of#again. ■ But 
'^f th? velocities by which circles can be defcribcd 
'al)Out the pentre 9! attraflion increafe, in approach^ 
' jng to that centre, in a higher proportion, or in die , 
"■■-'■"''■■■""■ ■■.-■■ ■, (an^ 
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fame profsortion, as the velocity in the orbit increafes, 
then this latter havirjg been tuppofed at a kk than 
the former, it muft always continue lefs than it, and 
never get the better of it, fo as to be able to cany 
off the body; and therefore, in all fuch cafes, tlie 
body can never recede from the centre after it h^s 
once begun to approach to it, but muft defcend to 
diftances lefs and left, till it fall into the centre. It 
approaches at a, becaufe its velocity is lefs than thitc 
wfuch is nequifite to carry it in a circle there : its ve- 
locity indeed increafes as it defcendg to lefler diftances, 
but the velocities which would carry bodies in circles 
at thefe diftances about s, increafing alfo in as great a 
proportion, the velocity in the orbit mull ftiil con- 
tinue to be lefs than in jhefe circles, and the body 
muft ftilt continue to approach to the centre, 

to. To fix the limit of thefe two cafes, we arc 
to confider, that die velocit^s in.aa (»'bit, at a aiid 
fl, are in the inverted proportion of the diftancca 
there frwn the centre of gravitation ■,, and that, if 
the gravity increafe as the cubes of the diitance* dc- 
crcafe, the velocities neceffary to defcribe circles ac , 
A and B are in the lame inverted proportion of the 
diftances at a and b from s. In this cafe, therefore, 
the velocities in circles, and in the orbit at a and b, 
vary in the fame proportion, and the fame which 
exceeds at the one diftancc muft exceed at the other-. 
So that, for the fame reafon for which the body ap- 
proached to s at A, it would approach to it: at b, 
and if it receded from it at b, it muft recede from it 
at A ; that is, if it once be^n to approach, it mult 
always approach to s, and if it once begin to recede, 
r it ipuft al^ys recede from it. This alfo appears 
from what we faid of the centrifugal force, which, 
in the fame orbit, increafes as the cube of the diftance 
- docrcafcs j wd confequeptly in the feme proportion 

y 4 w 
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in which the gravity is fuppofed to increafe in this 
cafe ; fo that of thcfe two, which ever is fuppofed to 
prevail in any one apfid, the fame mufl: prevail in any 
other apfid, if fuch could be afligned ; and the body. 
muft either defcend continually to the centre, or rife 
from it for ever. 

II. If the gravity increafe in a higher proportion 
than as the cubes of the diftances from the centre of 
attraflion decreafe, then the velocities neceffary to 
carry bodies in circles about that centre, in approach- 
ing to it, will increafe in a higher proportion than 
die diftances decreafe ; that is, in a higher propor- 
tion than the velocity in an orbit increafes from a to 
V i fo that as the velocify^in a circle at a exceeded 
the velocity in the orbit there, it will much more 
exceed it at b, and therefore the body, afted on by 
^ gravity varying in fuch a manner, mull: approach 
to the centre till it fall into it, if it once b^in to ap- ■ 
proach to it at a ; and if it once begin to recede 
from it, it muft continue to recede from it for ever. 
The higher the power of the diftance is to which the 
gravity is reciprocally proportional, the body will 
defcend in a lefs number of revolutions to the centre, 
in like circuiiiftances. If the gravity is reciprocally 
proportional to the cubes of the diftances, the body 
will defcend after an infinite number of revolutions. 
If the gravity increafe as the 4th power of the dif- 
tance decreafes, and the body is proje6tcd at A with 
fl velocity lefs than that which would carry it in 3 
circle about s in proportion as / 2 is lefs than / 3, 
the body will defcribe a certain epicycbid about s, and 
fall into it after half a revolution. If the gravity 
' increafe as the 5th power of" the diftantf decfeafcs, 
and the velocity of the projedion be to that which 
would carry it in a circle about the centre s as j is 
to / 2, jt will de£;eiid in ^ fcmicirclc defcribcd on 



n,gn,-f.rihyGOOglC 



Chap. 3. Philosophical Discoveries. 329 

the diameter s a, and fall into the centre in a quar- 
ter of a revolution. If the gravity incrcafc as the 
yth power of the diftanGc decreafes, and thcfi^ velo- 
cities be as I to / 3, it will fall into the centre in 
4 of a revolution. In general, if the gravity increafc 
as the » -f- 3 po^ve^ of the diftance decreafes, and the 
Telocity of projeftion at a be to thp veloci^ty which 
would carry the body in a circle there, about s, as 
■ 1 to V I + 4, it will fall into the centre in the J- 
part of a revo'ution. If the gravity increafc as the 
^T-^ power of the diftance decreafes, and the velo- 
cities be as I to V I -f .j^, the body muft fall into 
the centre after 50 revolutions, We cannot pretend 
to denionftrate thefe things here» and have mentioned 
them only to illuftrate this theory *, 

la. Ifthegravity increafc in a le& proportion than 
that in which the cubes of the diflances decreafe, the 
velocities, neceffary to carry bodies in circles about 
the centre s, will increafe, in approaching to it, in 
a lefs proportion than the fimple proportion in which 
the diftances decreafe, and therefore in a lefs pro- 
portion than the velocity in the orbit from a to b ; 
lb that, tho' the former exceed in the greater dil^ 
tances, the latter may exceed in the lefler diftances, 
and the body ;niay confequently defcend from the 
higher apfis to the lower, and afcend from the lower 
flpfis to the higher by turns. The gravity may pre- 
vail over the centrifugal force in the higher parts of 
?he orbit, but, incre^g more Qowly in defcending 
to the -lefler diftances than the centrifugal force, it 
js overcome by it in the lower parts of the orbit, 
and the body is made to recede i^n to its firft 
4iftance. U.the gravity increafe as uie cubes of the 
diftances decreafe, the body never can arrive at the 

• SttTreati/tt/Fhtxiim, 4-/. 437. 
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lower apfis b. If the gravity increafe as the fquares 
of the diftances decrcaTe, the body will defcend in a 
femi-ellipfe from the higher to the lower apfis in half 
a revolution. 

I J. If the gravity increafe in the reciprocal pro- 
portion of fome power of the diftance betwixt the 
fquare and cubc^ the body will take more than half 
a revolution to defcend from the higher to the lower 

' apfis, the more the increafe of gravity approaches 
to thp reciprocal proportion of the cubes or the dif- 
tances i for the velocity in the orbit will find the 
more difficulty to get the better of the motion that 
would carry the body in a circle, or the centrifugal 
force will with more difficulty get the better of rfie 
gravity. But if the gravity increafe in proponion 
as fome power of the diHance lefs than the fquare 
decrcafes, the velocities in circles increafing Jefs in 
approaching to the centre, the vdocity in the ortat 
will the more eafily prevail, and the centrifugal 
force will fooner exceed the gravity ■, and therefore 
the body will defcend to the lower apfis in lefs than 
half a revolution, and return to^iic higher apfis in 

,]efs than a complete revolution^ From which it ^■ 
pears, that as the apfides are fixed in the regular 
courfe of gravity, that is, while it increafes as thq 
fquares of the diftances decreafe, diey muft be caf' 
ried forwards, in the direftion of motion of the 
body, when gravity varies in a higher proportion 
than that, and muft be carried backwards with a 
contrary motion when gravity varies lefs than in that 
proportion, As a change from the proportion of 
?he fquares to that of cubes gives an ipfirjite ;notioq 
to the apfides, fo that die body ueiier arrives at 
either of them again ; a very fmj^ change in the 
f ourfe of gravity wiM produce a fenfible motion ir\ 
(he apfides, and the leaft change from ;he regular 
Courfe 
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courfe of gravity mult become very fenfible, in a 

fi*at many revolutions, by the motion of the apfidcs, 
rom which we learn, that fince the apfides of the 
planets have fo fmalt a motion that fome aftronomers 
neglcft it altogether, and doubt if there is indeed any 
fuch motion at all, we may conclude that their gra- 
vity muft obferve very accurately* in its v^iations, 
%hc law of the fquares of rfie diftancea. 

14. Qur author, to reduce to a computation the 
motion of the apfides arifing from a variation from 
the regujar couift of gravity, fuppofes with atoo- 
nomers, that the body moves in an ellipfe that b 
carried at the fame time with a r^;ular motion about 
s, which, in ait entire revolution, gives the moiiott 
pf the apfides. In a quiefccnt cllipfis, (Fig. 6$.) 
the curvature at a and b being the ume, the centri- 
petal forces there were found, above, to follow the 
inverfc proportion of the fquares of the diftaCnce? 
s A, 3 B. Suppofing that the body moves in the el- ■ 
lipfc alb, while this ellipfe itfelf is carried about s 

, with an angular motion, fo that s / in the moveable 
orbit being equal to s i, in the fixed orbir, the angle 
as/ may be to a s l in a conftant invariable propor- 
tion, fuppofe that of c to f ; then the increments of 
thefc angles, while s t and s / decreafe equally, will 
obferve the fame conftant pfoporcion ; and the kn, 
gular motions about s of two bodies / and t, re- 
volving in the fame time in thefe orbits, will be in 

- the fame proportion, as alfo the areas defaibed by 
, rays drawn from thefe bodies to s : fo that if the 
bodies be projected together at a with velocities in 
the fame proportion, and are afted on by the necefr 
fary centripetal forces, they will move in thefe orbits, 
^nd approach equally towards s, and arrive at / and 
X in the fame time, The motion of approach to. 
'^he ceptre bong the fame at equal diftances from it, 

ana 
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and this modon being caufcd by the excefs of their 
gravities above the centrifugal forces arifing from 
their circular motions about s i the gravity will ex- 
ceed the centrifugal force in the one orbit by the 
fame excefs as in the other, and therefore the dif- 
ference of the centrifugal forces muft be the fame as 
the difference of their' gravities; fo that^ to find the 
gravity in the moveable orbit, we arc to add to the 
gravity in the fixed orbit, at the fame diftance, the 
excefs of the centrifugal force in the moveable orbit 
there, above the centrifugal force in the 6xed orbit 
at the fame distance, Thefe Centrifugal forces are 
in a given proportion to each other, viz. in that of 
the fquares of the angular motions, or in the pro- 
pordon of c'' to r*, and their difference mult be in 
a given proportion to either '» the fame centrifugal 
forces, at different diftances, are reciprocally as the 
cubes of the diftances, as we fhewcd above, and 
their differences muft vary in the fame proportion : 
fo that tlie difference of the gravities in the move- 
able and immoveable, muft vary in the reciprocal 
proportion of the cubes of the diftances. 

15, If the elltpfe is carried about s with a pro- 
greffive motion, that is in the diredion of the mo- 
tion of the body, the angular motion of the body in 
the moveable orbit is greater than in the fixed orbit, 
.and the centrifugal force, and confequendy the gra- 
vity is greater. But if the ellipfc is carried about 
s with a retrograde motion, the angular motion in 
the moveable orbit, and confequently the gravity, is 
leffer. Iii theHrft cafe, the difference of the centri- 
fugal forces is to be added to the gravity in the fixed 
orbit, to Bnd the gravity in the revolving orbit at 
the fame diftance from s. In the latter cafe, the 
difference of the centrifugal forces is to be fubtrafled 
from the gravity in the fixed orbit, to 6nd the 
gravity 
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gravity in the revolving orbit at the fame diftance 
from.s. 

16. The force -in the fixed ellipfe increafes as the 
Square of the diftance decreafes •,' add' to this a force 
that increafcs as the cube of the diftance decreafes, 
and the fum mufl: increafe in a higher proportion 
than that of the fquares of the^ diftahces, but never 
in fo high a proportion as theii- -cubes. A- &bdy 
therefore that nnoves in aneltipfe that has itfelf a 
progreflive motion aboiit s, muft be afted ^n by a 
force that varies' accordinCT tbfome power of the 
diftance higher 'tHan- the Iquare, but kfs thah;the 
cube. The greater this motion of the etlipfe is, the 
^eater is the excefs of the centrifugal force in the 
moveable ellipfe above that'ih the fired cHipfe,',ac 
the fame diftaiice frdrrt' s ; and th<* greater is ' the 
quantity that varies as the cube of the diftance in the 
aggregate, -in proportion to ihatwhich varies in it 
as the fquare rfthe diftance ohly; and the more 
does the proportion of the aggregate vary fromthat 
of the fquares towards that of the cubes of the dif- 
tances. In fuch a moveable elli jife, tlie gi"avity, 
which is as the aggregate, cannot be faid to vary in 
the proportion of any one power, of the dift4ice ac- 
curately ; but if the ellipfe is very near to a circle, 
the proportion of the aggregate will be found to vary 
very nearly as a cer,tain power of the 'diftance, and the 
motion of the ellipfe may be adjufted fo as that the 
aggregate may vary, very nearly, as any power of 
the diftance that can be afligned betwixt the fquares 
and the cubes. 

1 7. If from a force that increafes as the fquare of 
the diftance decreafes, you fubduft a force that in- 
Creafcs in a higher proportion, viz. as the cube of 
the diftance d«crcafes, the remainder muft increafe 
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in a lefs proportion than that in which the.f^uare of 
the diftance decreafcs. A body, therefore, that 
moves in an ellipfe which revolves itfelf at the fame 
tioK with a retrt^rade motion about s, muft be 
aded on by a ^vity that varies in a lets propoitioQ 
than the fquare of the diftance i nod the greater the 
motion of the eltipfe is, the gravity will vary in a lefs 
proporoon, fo thatif-'thtf motion of the elltpfc be 
fufficiently great, the gravity may decreafe inHead 
of incicafing asthe diilance decreaies. By fuppoling 
Che orbit near to a circle, the motion of the ellip& 
may be adjufled, that the remainder may vary accor- 
ding, tD any proportion lefs than tiiat c^che fquares of 
the difbuiccs. 

i8. Our author has made an improvement of 
this, to judge of the motion of the apfides in any 
law of graviqr : for, by fuppoling the gravity in the 
moveable ellipfe, when near to a circle, computed 
from the forefaid principles, to vary, according to 
any ^ven law, he determines what muft be the mo- 
tion of the ellipfe, or of the apfides, in confequence 
of this fuppohdon ; or, the motion of the ellipfe 
being ^ven, he determines what is the power of the 
diftance according to which the gravity varies, near- 
ly, when ^e ellipfe revolves with that given mo- 
tion *. 

19. We have faid as much as our defign will al- 
low us, of the motions ariling from gravity, that 
are performed in regular revolutions from the one 
apfis fo the other j where the diftance from the cen* 
tre of gravitation varies indeed, but fo as to keep 
within certain limits, betwixt which the body con- 
ftantly revolves ; and we have fliewn that the motion 

■ See Prineif. Lib. I. Seft, 9. 

3 9f 



n,gn,-f.rihyGOO^Ie 



J 



chap. 3. pHtLcaoFHicAt Discovfinlss; ^3^ 

(rf" the body may be of this kind, if die gravity de- 
creafe in a lefs proportion than that in which the 
cubes of the diftances from the centre increafe. But 
the motion of the body is hot ahrays of this kiod> 
in thefe cafes % for if the vebcity of projedian at b 
is fuffictCntly great, the body will, in fome of thefe 
tafes, recede for ever from the centre of graviution, 
and never arrive at the higher apfis a. Wc have 
^ready fliewed that if the gravity decreafe as chc 
fXibes, or any higher powers, of the dillance increafe, 
^nd the velocity at B exceeil, in the. lead, that which> 
Would carry the body in a circke there, about the 
centre of gravitation; it will recede from s foe «v«-. 
Jf the gravity decreafe in a tefs proportitHi than chat 
of the cubes of the increafing diftances, it may be 
^jeAcd at b with a motion which will ftill carry ic 
for ever from the centre, provided the gravity dfe- 
creafe in a proportitm greater than that in wbich the. 
diftances increafe : for the limit here is the inverfe 
fimple proportion of the diftances. If gravity vary 
more, the body may be carried <^ for ever from tlu: 
centre by a finite motion cf prcgeftion •, but if the 
gravity varies in that proportion, or in any lefs pro- 
portion, then no finite force will be able to make the 
body move in &ch a manner, as to recede from the 
centre s for ever : but the body in thefe cafes muft 
;Uways revolve betwixt the two a^fides^ 

20. In order to fee this, we may firft fuppefe a 
body to be projefted perpendicularly to the horizon, 
that is aftcd on by a gravity decreafing in a higher 
proportion than that of the increaGag diftances :, 
and if the force of ppcqefbion be fufficientJy great, iti 
will rife for ever with a motion continually retarded 
by the aftion of its gravity, but that fhall neverbe 
altogether d^royed by theie adtions \ becaufe they 
. decreaii 
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dccreafe in ibch a manner that the fum of in inBtiice 
number of them amounts to a finite quantity, 

21, The fame law of gravity is the limit betwix-C 
the cafes of infinite afcencs, in curvilineal motions 
and in reailineal : for our author has Ihewn, that if 
one body move in a curve, and another afcend or 
descend in a right line, a£tcd on by the fame gravi]^» 
and thnr velocittes be equal in any equal altitudes, 
the; will be equal in all other «qual altitudes * : 
and fince the gravity of the body projetfted upwards. 
in a vertical line, with a certain alTignable force, 1$ 
not able to bring jt back ^ain -, it will not be able 
to make it return, if it was proje^ed with the fame 
force obliquely upwards, fo as to move', in a curve. 
For the centrifugal force, arifing from the motion 
of rotation abont s, leflcni the effciS of the gravity, 
and makes it lefs capable to deftroy the motion <^ 

• Soppofe the Tclociciej of bodiei l and p ffig- 66.) to be 
equal at l and p, at equal diftances s l, s r ; and let them de- 
ftnbe therery fmall liuea l /, p/, fo that if being equal to s /, 
uid f K 1 1 circular arc defcfibed from the centre s meeting s l 
in N, L K muftbecqual to p f. The grawity of l toward » may 
be lefolved into two forces, one of which may be reprefented bjr 
t, R, and aAs in the direSion of the tangent l r, the other ina 
dire£Uou r. s perpendicular to the tangent or th^direftioR of the 
body's motion. The latter has no effeA In accelerating it) mo- 
tion, being perpendicular to it, and the former is to the gravitjr,i 
as L R is to s L, or as L K is to l /. The motion of the body r 
ii accelerated by its whole gravity, fa that the forces- which aC' 
celerate the bodiei l and p are to each other, as l n (or p pj ta 
L /; but the velocities at l and p having been equal, the times 
in which l / and p p are defcribed are in the proportion of ttie 
^aces L J and p / ; lo that tho* the bodjr l is accelerated by a left 
Mrce in defcendiog to /, the time of its acceleratioo is greater in 
the fame proportion : from which it appears that their accelera- 
tions are equal in defcribing chefe fpaces, and their velocitiet 
confequently equal at /and/. The velocitiet therefore of thefe 
bodies muft be equal in all eqaal altitudea. Sc: Frindf.Matb, 
Lib, I, Prop. ^. . ' 
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afccnt in this cafe, than in the cafe of a pcipendicu- 
lar afcent. Therefore if gravity varies in thi reci- 
procal proportion of fome power of the diftange 
higher than unit, a body may run out to intiniEy in 
its orbit, if it be proje6ted with a certain force, 

22. If this force is the fame which it would ac- 
quire by fidling from an infinite height, Jt will go oiF 
in a curve of the parahoSe kind. But if it is pro* 
jed:ed with a greater force than that which would be 
acquired even by an infinite dcfcent, the curve will 
be of the hyperbolic kind. .If it is projefted with 
the fame velocity which it would acquire by falling 
from an infinite height (aiTuming diifcrent laws or , 
gravity, but other circumstances fimilar) it will go 
off CO infioity after a greater or kfs part of a rcvo< 
lution, or after a greater or fmaller number of rrvo- 
lutions, according as the power of the diftance, 
which is reciprocally proportional to the gravity, is 
greater or lefs. The limit here is a quarcer of a re- 
volution from the apfis, or the place where the direc- 
tion of the body's motion is perpendicular to the line 
drawn to the centre 1 for it muft always take more 
than that to get off from the apfis to an infinite dif- 
tance. If gravity obferve the reciprocal fefquiplicate 
propoftion of the diftance, then the body will go off 
in f of a revolution. If it obferve the reciprocal 
duplicate, it will go off for ever in a' parabola, in 
half a revoUicion. If it obferves the reciprocal |. 
power of the dilVance, it will go off in a complete re- 
volution. But if gravity obferve the reciprocal tri- 
plicate proportion of the diftance, and the body be 
projedted oblique to the radius, it will go off in an 
inBnite number of revolutions *. 

23. If 

• fn general, if gravity vary aa the ib power of ilie diftance 

reciprocal)/, and-ihc bodyts pcojeftcd obliquely upwards with 

Z * ^"-^^ 
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23. If gravity dccteafe in a Icfs proportion than 
the reciprocal fimple prop(Htion o( the diftances, 
and" 3 body is projeftcd from the ap6s with any finite 
force whaifoever, it cannot rife for ever j but will 
have the fame velocity at any diftance, as it would' 
have had at the fame diftance* fiippofing it had been 
projeiled at a dire^ty upwards with the fame force 
of projef^ion : and lincc any finire force would have 
been deftroyed in the perpendicuhir, if the body 
move in a curve it muft return again, ^nd afttr paff- 
ing the higher apfis, ddcend again to'the lower apfis, 
tho' that apfis \x not in the fame place as before. If 
gravity increafe as the diftance iacTeaiicSj,aforturi tha 
body wilt never be able to afcend to an infinite dif- 
tance. Thefeobfervations Oiew the limits of the va- 
rious forts of motions^ thac can proceed ^m various 
laws of gravity. 
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Of the mothn of the tnotnti. 

E have explained the motions of the bo- 
, Y dies in tht folar fyftem, from gravity, 
and have taken notice of fome inequalities or errors 
in their motions, that arife from the lame principle. 

-« force that is to tbat which wonid cwry it in a circle as 1 to 
—^' it will rife for tvtt from the centre, and go off in the 
p_— part of a revolution or in the ^ n part of the revolution. 
Suppoiiiig -jL to be the excefs of 3 above the number m. Jf the 
gravity fo)iow the reciprocal proponion of the z^^ power of 
the dirtaiice, the body will go off in 50 revolacioni. See 

« But 
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But the manifold irregularities that are produced by 
it in the morion of the moon dcfcrve particukrly to 
be confidcred, as flie is the ncarcft to us in the fyf- 
tem, and as great advantages might be deduced from 
her motions, if they could be fubjedted to exa£t com- 
putation. Formerly they who built fyftems had great 
difficulties to reconcile their principles with the phae- 
nomena : our author anticipates obfervacioni, and 
thc' more perfect our knowledge of che motions in 
the fyftem Ihall become, the more will this philo^ 
fophy be efteemed. Pc^erity will f^e its excellence 
yet more fully than wc do» when the celeftial motions 
Ihall be determined more accurately, by a feties of 
long-continued exaA obrervations, 

2. To give the principles of our author's cohipu- 
tations on this perplexed fubjeft, in is plain a man- 
ner as portible, we muft recoUeft what has been al- - 
r^ady obferved ; that if the fun a£led equally on the 
earth and moon, and always, in parallel tines, this 
aftion would ferve-Only to rcftrain them in their an- 
nual motions round the fun, and no way affei^l their 
adions on each other, or their niotions about their 
common centre of gravity. In that cajq^ if they 
were both allowed to fall direftly towards the fun, 
they' would fall equally, and their refpetftive fitua- 
tions would be no way affeAed by their defcending 
equally towards it. We might then conceive them 
as in & plane, every part, of which being equally 
fliftcd on by the fun, the whole plane y.oiild dcfcen4 
towards the fun, but the refpcctivc motions of the 
cartK and moon would be the fame in this plane as 
if it was quiefcenc Suppofing then this plane, and 
all ifi it* to have the annual motion imprinted on i^ 
it would move regularly round the fun, while, the 
earth and moon would move in it, wirh refpeft to 
each other, as if the plane was at reft* without any 
Z 2 . irregu- 
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iVrr^uUrities. But becaufe the moon is nearer the 
fun in one half of her orbic than the earth is, and 
in the other half of her orbit is at a greater diftante 
than the earth from the fun, and the power of gra- 
vity is always greater at a lefs diftance ; it follows, 
that in one half of her orbit the moon is more at- 
tracted than the earth towards the fun, and in the 
other half lefs attracted than the earth ; and hence 
irregularities neceflarily arife in the motions of the 
moon, the excefs, in the firft cafe, and the dcfed, 
in the fecond, of the attraftion, becoming a force 
that difturbs her motion : add to this, that the adion 
of the fun on the earth and moon is not direfted in 
parallel lines, but in lines that meet in the centre of 
the fun. 

3. To fee the effcAs of thefe powers, let us fup- 
polc that the projeftile motions of the earth and 
moon were deftroyed, and that they were allowed to 
fall freely towards the fun. If the moon was in con- 
junftion with the fun, or in that part of iier orhii 
which is ncareft to him, the moon would be more 
attrafttd than the earth, and fall with grcater_iVelo- 
city towards the fun j fa that the diftance of the 
moon from the earth would be increafed in the fall, 
if the moon was in oppofitipn, or in the part of her 
iorbit which is fartheft from the fun, fee would be 
lefs attra6);ed than ihc earth by the fun, and would 
fall with a lefs velocity towards the fun than the 
■earth, and the moon would be left behind by the 
earth ; fo that the diftance of the moon from the 
earth would be increafed, in this cafe alfo. If the 
moon was in one of the quarters, then the earth 
and moon being both attrafted towards the centre of ' 
the fun, they would both dirediy dcfcend towards 
that centre^ and by approaching to the fame centre, 
they would ucceflarily approach at the fame time to 

each 
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each other, and their diftance fr(»n one another 
would be dimihUhed, in this cafe. Now, where- 
«Fer the adion of the fun would increafc their dif- 
Cance, .if they were allowed to fall cowards the fun, 
there we may be fure the fun*s adion, by endeavour- 
ing to feparate Ehem, diminilhes their gravity to 
each other ; wherever the aftion of the mn would 
dimjnilh their diftance, there the fun*s a£tion, by 
endeavouring to make them approach to one ano- 
ther, incrcales their gravity to each other : that is, 
in the conjunftion and oppofition, their gravity, 
towards each other is diminilhed by the action of the 
fun 1 but in the two quarters it is increafed by the 
adion of the fun. To prevent miftaking this mat- - 
ter, it muft be remembered, it is not the total aftion 
of the fun on them that dilturbs ttieir motions, it is 
only that part of its aftion by which it tends to fepa- 
. rate them, in the firft cafe, to a greater diftance 
from each other 1 and that' part of its adtion, by 
which it tends to bring- them nearer to each other, in 
the fecond cafe, that has any effed on their motions 
with refptffl to each other. The other, and the far 
more confiderable, part has no other e^£t but to re- 
tain them in their annual courfe, which they perform 
together about the fun. 

4, In confidering, therefore, the effcfts of the 
fun's a<^ion on the motions of the earth and moon 
with refpeft to each other, we need only attend to 
the exccfs of its action on the moon above'its adion 
on the earth, in their conjundion ; and we mufl 
confider this exccfs as drawing the ipoon from the 
earth towards the fun in that place. In the oppofi- 
tion, we need only confider the excefe of the aftion 
of the fun on the earth above its adion on the moon, 
and we muft conGder this exccfs as drawing the 
moon from the earth, in this place, io a diredion 
Z 3 oppofiK 
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DppoGte tfi the former, that is, towards the place i^- 
pofitc to where the fun is j becaufe we confider the 
earth as quiescent, and refer the mopon, and all 
its iFregiiUrittcs to the mOQn. In the quarters, wc 
confider the a^ion of the fun as adding fomething t^ 
the gravity of the mpon towards the earth. 

5- Suppofe the moon letting out from the quarter 
that precedes the conjunftion, with a velocity that 
would make her defcribc an exaift circle round the 
earth, if t()e fun's aftion had no effcdh on her j and 
Isccaufe her gravity is increafed hf that aftion, (be 
muft defcend towards the earth, and move within 
that circle : her orbit, there, will be more cijrve than 
otherwifc it would have been ; becaufe this addition 

. to her gravity will make her fall farther at the enj 
of an arc below the tangent drawn at the other encl 
of it; her motion wiJI be accelerated by it, and will 
ponlinuc to be accelerated till ftie arrives at the en- 
fuitig conjunflion •, becaufe the direftion of the aftion 
of the fuii upon her, during thjit time, makes an- 

. acute angle with, the direftion of her motion. • At 
the coiyunftioD, her gravity towards the earth being 
diminilhed by the aftion of the fun, hcf orbit will be 
Ipfs curve there, for that rcafon j and She will be car- 
ped farther from the earth its fhe raovps to the next 
quarter j and, becaufe the aftjon of the fun makes 
jthen an obtufe angle with the direction of her motion, 
flie will be retarded by the fame degrees by which ftjc 
was accelerated before. 

^. Thus ffjc nyill defcend a little towards thp 
farih, as ihe moves from the firft quarter towards 
the corjunftio?), and afcend fron^ it, as Ihenroves 
from the conjunflion to the next quarter. The 
aftion which difturbs her motion vrill have ''a like, 
jind ajmoft equal, eficft upop her, whjlc flie tnovei 
'"''■■■ '■ ''-■■'■. Ift 
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in the other b^of her orbit^ I mean that haif of it 
which is fartheft from the fun : fhe will proceed fmm 
the quarter that follows the conjundion with an acce- 
lerated motion to the oppofition, approaching a little 
towards the earth> becaule of. the addition made to 
her gravity, at that quarter, from the adion of the 
fun ; and receding from it again, as ihe goes on from 
the oppofition to the quarter from which we fuppofed 
her to fet out. The areas defcribed in equal times 
by a ray drawn from the moon to the earth will not , 
be equal, but will be accelerated by ,the confpiring. 
' aftioh of the fun, as Ihe moves towards the conjunc- 
tion or oppofition from the quarters that precede 
them i and will be retarded by the fame adion, as 
file moves from the coojunftion or oppofition to the 
quarters that fucceed them. 

7. Our author has computed the quantities of 
thefe irregularities from their caufes. He finds, that 
the force added to the gravity of -the moon in her 
quarters, is to the gravity with which Ihe would re- 
volve in a circle about the earth, at her prefent 
mean diftance, if the fun had no effeft On her, as 
I to 1 78^^. He finds the force fubdufled from her 
gravity, in the conjundlions and oppofitions, to be 
double of this quantity, and the area defcribed in a 
given time in the quarters to be to the area defcribed 
in the fame time in the conjundlions and oppofidons, 
as '10973 to 1 1073. He finds, that, in fuch an or- 
bit, her diftance from the earth in her quarters, 

• would be to her diftance in the conjundions and op- 
pofitions, as 70 to 6^, 

8. The moon does not move in the fame plane, 
round the earth, in which the earth moves round the 
fun, but in a plane that is inclined to it in an angle 

Z 4 of 
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of about 5 d^rees ; and hence it is that the centre 
of the moon appears to us to trace a di^erent circle 
from the tcUptie, the circle which the centre of the 
ftm appears to dcfcribc in the heavens. Thefc cir- 
{Cles cut each other in two oppollte point?, that are 
called by aftronomers the nedis of the tnoon ; at the 
greatcft diftance from the nodes, thefe circles are fe- 
parated from each other by about 6vc degrees. Ttie 
eclipfts of the fufl ^d moor) depend on their dif- 
tances from thefe nodes, at the t^me of the new and 
full moon } for, if the change of the moon happen 
when fhe is near one of rhe no(lcs, ftie eclipfcs the 
■fun ; and, if the moon is full, near one of the nodes^ 
fte moft fall into the (hadow of the earth, and there 
become' eclipfed. Aftronomers have .at all times 
been very attentive to the lituation of the nodes, in 
prdcr to calculate thefe eclipfcs, which have been al- 
ways a phjenomenon much confidercd by them. The 
nodes are not fixed in the fame part of the heavens^ 
but are found to move over all the figns in the eclip- 
tic, with a retrograde motion, in about eighteen of 
nineteen years. 

9- Sir Tfaac Nmloft has rjot only flii!wed that this 
morion arites from the aftiori of the fun, but has 
calculated, with great fkill, all the elements and va- 
rieties in this motipn, from its caufe. Wc called 
thefe points the moon's nodes, in which her orbit 
cuts the plane in which the earth revolves about the 
fun, and the line that joins the points we call the 
line of the nodes. Wc fay the motion of the nodes 
is dire£t when they proceed in dieVanie way as the 
moon moves in her orbit, viz. from weft to caft, 
accosdipg to the order of the figns y^riVj, Tatmts^ 
&c. in the ecliptic'; and we fay their motion is rer 
trograde, when they move with a motion contraFytb 
kh3.i of the mpon, or fitnn eaft to weft, contrarj: 
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jto the order of the figns. We conceive the plane 
liaf the moon's rnotion to pafs Uways through the 
pentre c£ the earth and the centre of the moon, and 
to be a plane in which the right line joining their 
centres, and the tight line that is the direftion of the 
moon's motion, or the tangent of her orbit, are al- 
ways found. It is certain, that if the earth and 
(noon were always afted on equally by the fun, they 
would defcend equally toward the fun; the plane 
determined always by thefe two lines, would defcend 
with them, keeping always parallel to itfelf, fo that 
the moon would appear to us to revolve in the fame 
plane conftantly, with rcfpeft to the earth. But the 
inequalities in the adion of the fun, defcribed above, 
will bring the moon out of this plane, to that fide 
of the plane on which the fun is, in the half of her 
orbit that is nearcft the fun, and toward the other 
fide, in the half of her orbit that Js fardiefl: from the 
> fun. 

ID. From which we have this general rule for 
judging of the e^ft of the fun on the nodes ; that 
while the moon is in the half of her orbit that is 
neareft the' fun, the node towards which fhe is 
moving is made to move towards the conjunftion 
with the fi^n \ and while the moon is in the half of 
her orbit which is fartheft from the fun, the node 
towards which fee is moving is made to move 
towards the oppo6tion : but when the nodes are m 
conjunftion with the fun, its aftion has no eSeft 
upon them. In the firft cafe, the moon is brought 
into a direftion which is on the fame fide, as the 
fun is, of that direftion which ftie would follow (rf 
herfelf: and the interfeftion of .a plane paffing 
through rtiis direftion, and through tjie centre of the 
earth, will cut the ecliptic, on that fide towards 
whieh the moon moves, in a point nearer the con- 
junftion. 
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junftioD* than if there was no aftton of the fun Co 
diflurb her mottoa. In the other cafe, the adtion of 
the: fun has a contrary dire^ioiiT and for the £tme rea- 
fon makes the cnfuing oode move cowards the oppo- 
fition. When the line of the nodes produced paBes 
chro* the fun, then the fun, being in the plane of the 
moon's motion, has no e^:^ to bring her to either 
fide ; and therefore, in that cafe, the nodes have no 
motion at all. 

11. From this general nik, it appears, that if 
you fuppofe the nodes to be in the quarters a and c, 
(Fig. 6y.)a£tcr the moon fets out from the node a, 
that is, in the quarter preceding the conjunftjon b, 
the entiling node c moves towards the conjundlioa 
B, and is therefore retrograde ; becaufe It moves in- 
a direction < oppofite to that in which the moon 
moves i and, in all this revolution of the moon,, the 
nodes -are manifelUy retrograde ; for, rfter the moon 
palTes the quarter c that fucceeds the conjuni^ion, 
then the enluing node a moves towards the oppofi- 
tion D, fo chat the nodes are, in that half of her or- 
bit alfo, retrograde. 

12. Suppofe the nodes in the fituation s n, fo as 
one of them may be between the quarter a and the 
enfuing conjundion b, while the other node s falls 
on the oppofite point of the moon's circle, between 
the fublirquent quarter c and the oppofition d. In 
this cafe, white the moon nwves from a to n, the 
node H moves towards the conjundion b (by the ge- 
neral principle in § lo.) and therefore its motion' is 
dire£t; While the moon -moves from n to c, the 
^nfuing node n moves towards the conjunction b, 
and therefore is retrograde ; and becaufe the arc n c 
exceeds a n, the retrograde motion exceeds the 

direa 
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dircft motion, WWIe the moon moves from c to », 
!the enfuing node « moves towards the oppofitipn d, 
^nd the motion of the nodes is then direft. But 
y/hilt tix inoon moves from n to a, the enfuing node 
N moves towards the oppofition d, and then the mo- 
tion of the nodes being contrary to the motion of the 
moon, their motion is retrograde ( and becaufe the 
arc » A exceeds n g, it is apparent that the motion is 
piorc retrograde than direct. 

13. When (Fig. 6if.) one ■node n is between the 
ponjunftion p and the enfuing quarter c, while the 
. moon moves frpm a to n, the enfuing node n moves' 
towards the conjunftion b, and therefore is retro- 
grade : while the moon moves from n to c, the en. 
luing node moves towards the conjun&ion, and is 
direct. But as the arc a n exceeds- k c, the retro- 
grade motion of the nodes mult exceed the direA mo- 
tion. While- the moon moves from c to », the mo- 
tion of the enfuing node is towards the oppofition o, 
and is therefore retrograde. White the inoon moves 
from « to A, the enfuing nOde n moves towards tiic 
Dppf^tion D, and thererore is direct. But, as the 
arc c n exceeds a », it follows, that the retrograde 
piotion exceeds the direct motion.. 

It appears, therefore, that in every revolution of 
the moon, the retrograde ^motion of the nodes ex- ■ 
ceeds the direft motion, excepting only when the 
line of the nodes paOes through the fun, in which 
pafc there is no; motion of the nodes at all. We fee ■ 
then, how, from the principle of gravity, the nodes 
pf die moon arc madC' t • recede every year. Our ' 
author has determined the quantity * of this retro- 
grade QK>cion in every revolution of xhf mooo, and 

• Prindf, Lib. III. Prop. jj. 
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in every year ; and it is no fmall pleafure to fee haw 
cxaftly the theory of thefe motions, drawn from their 
caufc,s, agrees with the obfervations of aftronomers. 
He finds, from the theory of gravity, that the nodes 
ought to move backward about 19* 18' i" in the 
fpsc? of a year, and the aftronofnical tables make 
this motion 19' 21' 21 "j whofe difference is not 
■j^ of the whole motion of the nodes in a year. By 
a more correct computation of thb motion from its 
caufe, the theory and obfervation agree within a few 
fe^onds. 

14. The inclination of the moon's orbit to th« 
ecliptic, is aifo fubjeft to many variations. When 
the nodes are in the quarters a and c, while the 
moon moves from the quarter a to the conjunftion 
B, the aftion of the fun diminiflics the inclination of 
the plane of her orbit ; the inclination of this plane 
is leaft: of all when the moon is in the conjundtion b j 
it increafes again as fhe moves from the conjunction 
B to the next quarter at c, and is there rcttorcd to 
its firft quantity nearly. When the nodes <rf the 
moon are in b and d, fo that the line of the nodes 
palTes through the fun, the inclination of the moon's 
orbit is not affcftcd by the adtion of the fun ; be- 
paufe, in that cafe, the plane of her orbit produced 
paflcs through the fun : and therefore the a£Hon of 
the fun can have no effeft'to bring the moon out o£ 
this plane to either fide. It is in this lall cafe that 
the inclination of the moon's orbit is greateft ; it 
decreafes as the nodes move towards the quarters j 
and it is leaft of all when the nodes are in the quar- 
ters, and the moon either in the conjunftion or 
oppofition. Our author calculates thefe irregula- 
rities from their caufes, and finds his conclufions 

agree 
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agree very well with the obfervations of aftrono- 



15. The aftion of the fiindiminilhes the gravity 
of the moon towariis the earth, in the conjunAions 
and oppofitions, more than it adds to it in the quar- 
ters, and, by diminifhing the force which retains the 
moon in her orbit, it increafes her diftancc from the 
earth and her periodic time : and becaufc the earth 
and moon are nearer the fun in their perihelium than 
in their aphelium, and the fun afts with a greater 
force there, fo as to fubduft more from the moon's 
gravity towards the earth ; it follows, that the moon 
muft revolve at a greater dtftancc, and take a longer 
time to finifti her revolution in the perihelium of the 
earth, than in the aphelium ; and this alfo is conform- 
able to obfervaiion. 

16. There is anpther remarkable irregularity in 
the moon's motion, that alfo anfes from the aftion 



• To make the foregoing acconm of the motion of the ntoon't 
nodes ftill dearer, we biite added Fig. 69, (Plate VI.) in which, 
the plane of the fcheme leprefenting ihat of the ecltptic, s is the 
fun, T the centre Qf the earth, l the moon in her orW d k</»; 
H II ig cheltne of the nodes paffing between theqnadratareq^and 
the moon's place l, in her UIl qu^iter. Let now l f, any part' 
of T. 5, reprefent the cxcefi of the fun's aflion at L, above jiia 
afiion at T, and this being fefolved into the force l k, perpendi- 
cular to the plane of the moon's orbit, and P k parallel to it, 'ti* 
the former only that has any efleA to alterthepofitionof the or- 
bit, and in this it is wholl)' exerted. Its e&A is twofold; 
(1.) It diminilhes its inclination, by a motion which we may 
conceive as performed round the diameter □ d, to which l t is 
perpendicular. (i.J Being compounded with the moon's tan- 
gential motion at L, it gives it an intermediate dire£lioo l/; 
ihro' which, and the centre of tlie earth, a plane being drawn 
null meet the ecliptic nearer the conjundion c than before: and 
in the fame manner, the other cafes ate explained. 

Of 



n,gn,-f.rihyGOO^IC 



350 Sir Isaac Newton's Book IV. 

of the fun : I mean, tHe progrefTive motion of the 
apfides. The moon defcribes an cllipfc' about the 
centre of the earth, having one of the foci in that 
centre. Her greateft andlcaft diftances from the 
earth are in the apfides, or extremities of the longer 
axis of the ellipfe. This is' not found to point al- 
ways to the fame place in the heavens, but to move 
with a progreflive motion forwards, fo as to iintfli a 
revolution round the earth's centre in about nine 
years. 

To iinderftjnd the reafon of this motion of the 
apfides, we mud recoiled what was Diewed ^wve, 
that if the gravity of a body decrealed lefs as the 
diftaoce increafes, than according to the regular 
courfe of gravity, the body woiild dcfcend fooncr 
from the higher to the lower apfts, than in half a 
revolution ; and therefore the apGs would recede in 
that cafe, for it would move in a contrary direftion 
to the motion of the body, meeting it in its motitm. 
But if the gravity of the body ihould decreafe more 
as the diilance increafes than according to. the regu- 
lar courfe of gravity, that is, in a higher proportion 
than as the fquare of the diftance increafes, the body 
would take more than half a revolution to move from 
the higher to the lower apfis i and therefore, in 
that c^e, the apfides would have a pr<^relfive mo- 
tion in the fame direftion as the body. 

In the quarters, the fun's aftion adds to the gra* 
vity of the moon, and the force it adds is greater, 
as thediftanceof the moon from the earth isgreaterv 
fo that the adion of the fun hinders her gravity 
towards the earth, from decrcafing'as much while 
the diltance increafes, as it ought to do according to 
the regular courlc of gravity ; and therefor^ while 
the moon is in the quarnrs, her apfides muft recede. 
5 . . . .^^ 
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In che cpnjunftion arid oppoQtion, the aOion of the 
fon fubdufts from the gravity of the moon towaJ-ds 
the earth, and fubdu£ts the more the greater her 
diftance from the earth is, fo as to make her gra- 
vity decreafe more as her diftance increales, than 
according to the r^ular courTe of gravity •, and 
therefore, in this cafe, the apfides are in a progrefTive- 
motion. Becaufe the aflion, of the fun fubdufts 
more in the conjunftions and oppofitions from her 
gravity, than it adds to it in the.quanien, .and, in 
general, diminifhes more than it augments her gra- 
vity i hence it is that the progrdlivc morion of the 
npfides exceeds the retrograde motion ; and there- 
fore, the apfides are carried roimd according to the 
order of the iigns. 

17. Thus the various iiregularities of the moon's 
motion are ei^lained ^m gravity : and &om this 
theory, with the aiSiftance of a long feries of accurate 
obfcrvations, her motion may be at length reduced 
fo cxa^9:ly^o computation, and her appulfcs to the 
Bxed flars, over which (he pailes in her courfe, may 
be predi&ed with (o much accuracy, as to afford, on 
many occafions, an opponunity to navigatCM^, to dif- 
cover dieir longitude at fca. 
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CHAP. V. 

Of the path of a fecundary.plattet upon animmoveahle 
plane ; with an illuftration of Sir Ifaac NewtonV 
account of the motions of the fateliiies, from the 
theory of gravity *. 

IN defcribmg the moticHis of the folu* fyftem, it 
is ufual to confider the primary plaiu:ts, as re- 
vcrfving in immoveable planes, but to refer the mo- 
tions of the faEellites to planes that are carried along 
with their primaries about the fun. Sir Ifaac New- 
ton follows the fame method, in accounting for their 
motions from the theory of gravity : by this analyfis, 
the explication of the motions themlelres, and of 
the powers that produce them, is^ rendered more iim- 
plc and eafy, than if we ftiould refer the morion of 
the fatellitetoan immoveable plane, and contemplate 
only the path defcribed by it, in confequence of fo 
compounded a motion, in abfolute fpace. 

The properties, however, of this path are more 
fimpic than perhaps will be cxpefted qn a fuperficial 
confidcration of it ; and the referring of the motion 
of the fatellite to it, may be of ufe on fome occa- 
fions, particularly for relblving the difficulties fome 
have found to undcrftand Sir ^aac Newton's account 
of the motions of the farellites, from gravity. This 
path is, in fome cafes, concave towards the fun 
throughout i in other cafes, the part of it ncareft 

• The following chapter, as belonging properly to chii place, 
!» infened from a letter of the author, to his learned friend 
Dr. £<w<wi(n Htadln, phyfidan to his Majefty's houfchold. 

the 
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the fun is convex towards the fun, and the reft is 
concave. An inftance of the former we have in the 
moon, of the latter in the fatellites of the fuperior 
planets. 

The force that bends the cOurfe of the latelUtc 
into a curve, when the motion is referred to an im- 
moveable plane, is, at the conjunAion, the differ- 
ence of its gravity towards the fun, and of its gra- 
vity towards the primary. When the former pre- 
vails over the latter, the force that bends the courfe 
of the fatellite tends towards the fun ; confequently, 
the concavity of the path is towards the fun : and 
this is the cafe of the Mooh^ as will appear afterwards. 
When the gravity towards the primary exceeds the 
gravity towards the fun, at the conjunction, then 
the force that bends the courfe of the fatellite tendS' 
towards- the primary, and therefore towards the op- 
, pofition of the fun ; confequently the path is there 
convex towards the fun : and this is the cafe of the 
faiellites of Jupiter. When thefe two forces are 
equal, the path has, at the conjuniftion, what ma- 
thematicians call a point oireilitude ; in which cafe, 
however, the path is concave towards the. fun 
throughout. 

, Bccaufe the gravity of the moon towards the fun 
is found to be greater, at the conjunftion, than her, 
gravity towards the earth, fo that the point of equal 
attraction, where thofe two powers would fuftain 
each other, falls then between the moon and earth, 
fome ^ have apprehended that cither the parallax or 
the fun is very different from that which is afligned 
by aftronomcrs, or that the moon ought neceffarily 
{o abandon the earth. Thi^ apprchenfion may be 

*- See Cf^m/^fTMi pnerilu, 

A a eafilf 
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cafily removed, bjr attending to wh«t has been Ihcfm 
by Sir Ifaae Newton^ and fe illaftrated by vufgaff ex- 
periments concerning tKe motioBS of tkidies about 
one another, that are all a<5ted upon by a third force 
in the fame dircftjon. Their relative motions, not 
being in the leaft difturbed by this third force, if it 
Aft equally u]Mn them in parallel fines ; as the reta- 
dve motions of the Qiips in a fleet, carried away hf 
a cuitent, are no way aifeded by it, if it aft equally 
upon them ; or as the rotaticMi <^ a bullet, or bomb, 
about- its axis, while it is piujefted in the air, or the 
figure of a drop of falling rain, are not at all aflec^ed 
by the gravity of the particles of which they are 
made up, towards the earth. It is to the inequality 
of the aftions of the fun upon the eanh and moon, 
and the want of paralletifm in the direftions of thefe 
Elftions, only, that we are to ^ribe the irregulandea 
in the motion of the moo». 

But it may contribute toitfards removing this diffi- 
culty, to obftrve, that if the abfoiute velocity of the 
moon, at the conjun<5tion, was lefs than thai which 
is requiGtc to carry a body in a circle there around 
the fun, fuppofing this body to be a^ed on by the 
feme force which afts there on the mcton, (i. e. by 
the excefs of her gravity towards the fun, above her 
gravity towards the earth, then the moon would, 
indeed, abandonthe earth. For, In that cafe, tha 
moon having lefs velocity than would be neceffarj? 
to prevent her from defcehding within that circle* 
Ihc would approach to the fun, and recede from the 
tarth. But tho' the abfoluie velocity of the mooii, 
»x the conjon^on, be lefs than the velocii<y ^ the 
earth m the annoal orbit, yet her gravity towards die 
fun is To much dimiuifbed by her gravity rowardi 
the aarth, that her abfoiute velocity is fliU much fu- 
pcrior to that which is reguifite to carry a body in a 

circle. 
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circle, there, about the fun', that is a£bed on by the 
■remaining force only. Therefore, from the moment 
of the Conjunftion, the moon is carried without fucli 
• circle, receding continually from the fun to greater 
and greater diftances, till fhe arrive at the oppofi-. 
tion ; where, being afled on by rfie fum of thofe 
two gravities, and her velocity being now lefs than 
What is requilite to carry a body in a circle, there, 
about the fun, that is afted on by a forceequal to 
that fum, the moon thence begins to approach to 
■the fun ^ain. ' Thus flie recedes from the fun and 
■approaches to it by turns, and in every month her 
path has two apHdes, a peribeUum at the conjunction, 
and an apbelium at the oppofition ; between which 
fhe is always cairied, in a manner fimilar to that in 
which the primary planets revolve between their ap- 
■fides. The planet recedes from the fun at the peri- 
hclium, becaufe its velocity, there, is greater than 
. that with which a circle tould be defcribcd about the 
"fun at the feme diftance, by the fame centripetal 
force \ and approaches towards jhe fun from the 
aphelium, becaufe its velocity there is lefs than is 
requifite, to carry it in a circle, at that diftance, 
about the fun. See my Treatife «f Pluxiem, Ar- 
ticle 447. 

The' the path of the moon be concave towards 
the fun throughout^ its curvature is very unequal: 
it is leaft at each lower apfide or conjunftion, and 
greateft at each higher apfide or oppofition. The 
path of a fatellite of Jupiter has likewife two apfidcS, 
m [he part which is defcribed every fynoilic revolu- 
tion : but in the lower apfide, the convexity is to- 
wards the fun ; and it has likewife two points 01 con- 
trary 8exure in every fuch part ", 

■ S«e the Dou to Ctral. 1. Prop. U. b«Iow. 
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By confidering this path, we ftiall arrive at the 
fame conclufions which Sir I/aac Newton derived, 
more briefly from the laws of motion ; that if the 
folar, aAioii was the fame on the fatelliie and on the 
primary, and in the ftmc dircftion, the motion of 
the fatcllite around the primary, would be the fame 
as if the fun was away. This will appear from the 
following propofitions, where we fuppofe the orbits 
of the primary about the fun, and of the fatellite 
about the primary, to be both circular, and the 
motions in thefe orbits to be uniform and in the fame 
plane. 

PROPOSITION I. Fig.yo. Plate VI. 

The path of the fatellite, on an immoveable plane, is 
the tpicycloid that is defcribed by a given point in the 
plane of a circle, which revolves on a circular bafe^ 
having its centre in the centre of the fun, and its dia- 
meter in the fame proportion to the diameter of the re- 
volving circle, as the periodic time of the primary 
about the fun, to the time of the fynodic revolution of 
the fatellite about the primary : the tangent -cf the path 
is perpendicular to the right line that joins the fatellite 
to the conlaif of the two circles : and the abfolute velo- 
city of the fatellite is always ^ as its diflansefrem that 
contact. 

LetT denote the periodic ■ time of the primary 
about the fun, / the periodic tipie of the fatellite 
abpu: the primary. Let s reprefent the fun, a a 
the orbit of the primary ; upon the radius a s, take 
A E to A s as / is to T. From the centre s deicribe 
the circle e * z, and from the centre- a the circle 
IMF. Let this circle e m f revolve on the other 
z f z, as its bafe : then a point l, taken on the 

plane 
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plane of the circle e m f, at the diftance a l, equal to 
the dtilancc of the fatellite from the primary, (hftU 
dcfcribe the path of the fatellite. 

For fuppofe the circle e m f to move into the fitu- 
ation e m/, the point a. to a, l to /, and let a l and 
'a I, produced, meet e m f and e tn f, in m and m. 
Upon the arc f m take e r = e m, then the angle 
«ar ss £ A M. Let at meet the caclscld, defcrilsed 
from the centre a with the diftance a l^ in y ; and 
bcoaufe-e a j.= e a l, the angle ea q reprefents the 
elongation of the fatellite from the fun at its Brtt 
place L.. Becaufc e m (=a tfr-}-r»»)s=fE7f-E m 
and tf r 5w E M, it follows that r »» = « e ; confe- 
quently the angle rs >?» : «s e : ; s e : a e : : t — t:t\ 
or, as the angular velocity of the fatellite from the 
fun, to the angular velocity of the primary about the 
fun. But E s ^ is the angle defcribed by the pri- 
mary about the fun, corifequently raw, orqal, is , 
the fimultaneous increment of the elongation of the 
fatellite from the fun ; / is its place when the pri-' 
mary comes to a ; and the epicycloid defcribed by I 
is the path of the fatellite. 

Becaule the circle em f moves on the point e, the 
(lire£tion of the motion of any point l is perpendi- 
cular to E L 1 or .the tangent of the path at any poinc 
L is perpendicular ,to e l. The velocity of any point 
L is a^ its diftance "e l ; and, the motion of the pri- 
niary a being fuppof^d uniform and reprefentcd by 
E A, the velocity of the fatellite fliall be reprefented 
by EL., 

PROPOSITION II. 

Upon A s take a e : a s : : 1 1 : tt Cer a b : a e : : 

A E I A s) i ujion the diameter e b defcribe ihe circk 

A a 2 s K B 
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E K B metHwg s l ih k, take l o < tiard fropartumal 
to LK anJ L E, en tbt fame fide cf l «»/i l k t «»^ o 
_/&a/^ ^f /if fff»/rf of the euroature at -l of the fatb^ 
and L o the raj of curvature. 

Bccaufe £ l and e I in perpendicular to the path 
at the points l and ^ let them be produced, and thdr 
ultimate inteifeftiofl o (hall be the centre of curva- 
ture at L. Produce q e till it meet l e in v, jon s v, 
and the arfgle s e v = qe a=BL easbsxv} coDfe- 
iquentlf the angle « r e = « s e, the aDgle t v sss r s e, 
and the angle e v s =b e f s, and s v is alrimakely 
perpendicular to £ o>. Now the angle e o < is ulii- 
matelf lo x v f (=3,x se) as s v to E o, that is 
fbecaufes v: ek::£s: eb: :as . AE)aiEKxA9 
to £ o X A E. But the angular motion pf e l being 
equal to the angular motion of b a, while t,he circlet 
E M p turns on the point e, t e / is therefore ulti- 
mately equal to A e «, which is to Es'fascAtOAst 
knd E o « being to l e / as B l to t o, it follows, that 
% oe : ES e : :SAXEL:A£xto::EK}isA: 
£ o X A s. Therefore £l:lo::xk:£o, and e l : 
X K : : L o : E L, or L K, L E and l o are in continued 
proportion. This theorem ferves for determining the 
txy of curvature of epicycloids and cycloids of all forts ; 
onljr when the bafe e ir is a right line, a b vanifbes, 
and E B bectnnes equal to £ a. 

Conl I. 'When a l or a g ii litft than a b, then 
[becaufc l o is always on the fame fide of th« p(»nt 
I. with L n) the path is concave towartk s through- ' 
out. When a c s= a S, the curvature at the con- 
jun£tion vanifhes, or the path has there a point of 
reifitude. When a c b greater than a a (or a s x 
1^), a portion of the path near the conjunftioo is 
coavex towards s, becauie a part of the circle c e d 

falls 
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falls within the circle a ££) and when t cotnesta 
either of the interfeftioru pf th?fe ttfo circles, the 
pith has 9 ppinc of poncraf-jr Qeiture *. 

Corel. 2. In theVafe of the m»on, 1 1 : rr: : j : 
i^8i and 4 fl = TTT 5t A 5 » but A c is about ^^ x 
A s i cpnf<^uently A c is kis than 4 b, and the 
path «tf the mooo 13 fiO[)(:ave rowards the . fun 
4faroughout. 

PROPOSITION Uh 

Let AB:As::tt:TT, and thef^rce ly -winch the 
fath ef the fattSiU can he defcriked on an immoveahU 
plant ■, it always direSed to the point b upsn the ray as i 
Mnd is always veafured ky b u the di/lence of tbefatel- 
lite from the point b, the gravity of the primary towards, 
the fun being reprefented by b A. 

We conceive tbe ibrce by which thi^ path could 
be defcr^xdf oa sd immoveable plane, tc be refolved 
into a icrce that a£t> in the diredbion l 0, perpendi- 
cular to the path, and bends the path, but has no 
effefb on the velocity of the facellice ; and 2 force 
perpendicular to l o that accelerates or retards the 
motion Off the fittellite. The former of tbefe is 
meafuned by l K( the latter by s k, the gravity of 
the primary towards the fun being meafurcd by a a. 
For the former is to the gravity of the primary 

towards 9j as i-^ to ^-^ (thofe forces being drreftly 
4f the %UBres of the velocities, and jnverfcly as the 

* If A csa I, tbefe ^inei mtet ngain, anil Ann ^^'-^i 
iud if A c MgrcaKi than A E, the puhnas a aodb/.- which laA 
is ihc ca& of the inoeniuoll of tbe &KtUt« ef Jvftter and 

Selurn. 
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r^ys of the curvature) that is, as l k to a b, by 
"Prop. II. Therefore the gravity of the primary 
being reprefented by a b, the former force will b^ 
mealured by l k. 

The fecond force thtt a£ts on the fatellite in the 
dire&ion of the tangent of its path, and accelerates 
OF retards its motion, is as the duxion of the vdo- 
city t L direftty, and the fluxion of the time ipverfe* 
ly. The fluxion of the time is mcafured by ^ 
(a a being the arc defcriljcd by the primary, and 
B A. the velocity with which it is deftribed) s= — = . 
— = -^—^ — (fyppofing a n and y b to be perpen- 
diculars CO f / in s and «, becaule Iq : lit :: ac'ian^' 
or A c : an) II ^^l = ^- Therefore the force which 
is meafured by /«, tl^e fluxion of thp velocity e /, 
or E L, divided by the fluxion of the time or — » is 
meafured by b k. The force, therefore, in the di- 
Te£lion l e being meafured by l k, ,and the force in 
the perpendicalar direftion k b by k b, the com- 
pounded force is meafured by l b, and is directed 
from L CO B. 

It appears, from what has been demonftrated, 
that the path may be defcribed by a force directed 
towards the point b, (which is. given upon the ray 
A s, but revolves along with this ray about s) or by 
any forces which, compounded together, generate a 
force tending to b, and always proportional to l b, 
the diftance of the fatellite from b. Let l h be 
equal and parallel to a b, and a b h l fliall be a pa- 
rallelogram, and the force i. k may be compounded 
' of L H and L A, that is, the force l k may. be the 
refuit of a force l h acting on the fatellite, equal and 
, ~ parailc^ 
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parallel to a b, the gravity of the primary towards 
the fun, and of a force l a tending to the primary, 
and equal 'to the gravity by which the fatellite would 
defcribe the circle c l d about the prinaary, in the 
ftpie periodic tin)e f, if the fun was away } becaufc 
fuch a force is to the gravity of the primary towards 
the fun, (reprefentfid by a b) as ^ to ^~ or as a l 
IP A 5 X — = A b; 

Thus we arrive at the fame condufion which Sir 
Ifaac Newton, more briefly, derived from an analyfis 
' of the motions of the fatellite 1 that while the fatel- 
lite gravitates towards the primary, if, at the fame 
time, it be afted on by the fame folar force as the 
primary, and with a parallel direftion, it will re- 
volve about the primary, in the fame manner as if 
this laft was at reft, and there was no foiar aftion. 
Thefe two forces, the gravitation towards the pri- 
mary, and a force equal and parallel to the gravita- 
tion of the primary towards the fun, are exaftly fuf- ■ 
ficient to account for the compounded motion of the 
fatellite in its path, however complex a curved line 
ic may appear to be. Nor is there any perturbation 
of the fatellite's motion, but what arifes from the 
inequality of the gravity of the fatellite, and of the 
primary towards the fun, or from their not afting 
in parallel lines. If we iTiould fupppofe them to 
move about their common centre of gravity, while 
this is carried round the fun, or if we fuppofe the or- 
bits to be elliptical, the cooclufions will ftill be 
found confonant to what was more brieBy deduct by 
this great author. 
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C H A P VI. 

Of the j%urt ef the earthy and the pre£t$on ef tie 
equinoxes. 

I. TF the earth was fluid, and had no motion «n ks 
1, axis, the equal gravitation of its parts towards 
each other would give it a figure exactly fphericali 
the columns from the furface to the centre mutuatly 
fuftaining each ott^r at equal heights from it. But, 
becauTe of the diurnal rotation of the earth on its axis, 
the gravity of the parts at the equator is diminiihed 
by the centrifugal force arifing from this rotaciooi the 
gravity of the parts on either fide of the ec[\^x)r is 
diminiihed kfs, as the velocity of rotation is las, and 
the centrifugal force, arifing from it a^,lci5 dicedty 
againft the gravity of the parts ; while the gravity at 
tlve poles is not at all afiedted by the rotation. The 
ei^iiilibiiuni that was fuppofcd to be amongft the parts 
wiU not therefore now fubfift in a fpherical figure; 
but will be deftroyed bjr the inequality of cheiawra- 
vitation, till the water rile at the equator and ijnk at 
the poles, fo as by a greater height at the equator, to . 
compenfate the greater gravity at the poles \ and till, 
by aifuming an intermediate height in tbe intermedi- 
als places, the whole $arth become of aa oblaec iphe- 
roidal form, whoTe dianKter at the equator will be 
the ^atcA, and the axis the leaft, of all tbe Unet 
tlitait can pals trough the centre. 

2. If the gravity of a body at the equator was 
deftroyed, the motion of rotation would there make- 
it go off in a tangent to the earth i and by moving 
Vf the tangent it would rife, in a fecond of time, 
4 from 
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from the fpherLcal body of the canb, m much «s ooft 
extremity of the arc which bodies dcfcribe Ukh:, 
in a fecond, falls below the uxigent drawn at the 
other excremuy : and this is found to be' a ^4ce of 
about 7,54 lines, Frtntb meafure. The cffciSt of 
the cemr^ugal force of bodies at the equator, in a 
lecond of time, is prc^x)rtional to this fpace. The 
e0e£t of the centrifugal force at any place at a dif* 
unce from the equator, for otampk, at PariSt b leji$ 
for the rcafotis abo¥e meotioocd} and, there, it is 
found by calculatioD, that it could only produce s 
motion of 31267 lines in a fccosd. Add this to 
what, by experiments, bodies are found to defcrtbc 
by their gravity at Faris^ vix. 15 tect, i inch uvi 
2 lines, and the fum il^T^lSf lines will fbew the 
fpace which bodies would dcfcribe by their gravity, 
in a f^nd.of time, if there was no centrifugal force 
there, ^y comparing this with the e0c<^ of the cen- 
trifi^al force at the equator, in the fam^ time, we 
fhall find that the centrifugal force, there, i& the-^^ 
part of the power of gravity, bccaule 7,54 19 tP 
2177,267 as I to 289. 

^.v^rom this it follows, that a body at the cqnattv 
lofes ^^y at leafl;, of its gravity y ajid the etjuator 
mtift bt*at leaft, -rrr higher than the poles from the 
centre of the earth. But as the pans of the equator 
lofe (till of their gravity as they rife from the centre 
of the earth, and the regular courfe of ^avity is al- 
tered by the change of £gure, this is not the true 
proportion of the height of the earth at the equatw, 
to its height at the poles. ^ 

Our author, who was never at a lofs to find- Ibme 
expedient by which he might deccrmine, accurately 
or ncM" the truth, what he warned 1 in order to take 
in theHb perplexed owlideruions^ aflbmes, as an 
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fypetbefis, Aat the axis of the earth is to the diameter 
of th« equator, as lOO to lor j he thence determines 
what muft be the centrifugal force at the equator, 
that the earth might take fuch a form, and finds it 
muft be .j4t °^ gravity, and therefore woiild exceed 
the prefent centrifugal force there, which is only stf 
of gravity. By the rule of proportion, he fays, that if 
a centrifugal force equal to ^4-^ (rf" gravity, would 
make the earth higher at the equator than at the 
poles, by ^-^ of the whole height at the poles, a cen- 
trifugal force that is the ,-{-y of gravity, will make it 
higher by a proportional cxcefs, which is found by 
calculation to be ^-j^ of the height at the poles i and 
thus our author difcovcrs that the diameter at the 
equator is to the diameter at the poles, or the axis, a« 
230 to 229. 

4. This computation fuppofes the earth to be of 
an uniform dcnfity every-where : but if the earth is 
mote denfe near the centre, then bodies at the poles 
will be more attra6led by this additional matter 
being nearer to it; and, for this reafon', the excels. 
of the fcmidiameter of the equator above the femi- 
axis will be different. What we have faid of t fluid 
earth muft- hold of the earth in its prefent ftate ; for 
if it had not this figure in its folid parts, but a fphe- 
rical figure, the ocean would overflow all the equa« 
torial regions, and leave the polar regions elevated 
"many rniles above the level of the fea,; .whereas we 
find the one is no more elevated aboyWhF level of 
the ocean, than the other. 

5. The planet Jupiter revolves on his axis with 
much more rapidity than our earth, and finifhes his 
diurnal rotation in lefs than ten hours. The denCty 
of that planet Is alfo lefs j and therefore his figure 
is more different from a fpherc than. the figure of 

the 
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the earth, and his equatorial diameter excficdr his axis 
in a greater propordon. Their difference is fofen- 
fible that they are found, by the obfervations of aftro- 
nOmers, to be to one another as 13 is to 12. 

6. The decrcafe of gravity from the poles towards 
%he equamr, is very manifeft from the motion of 
pendulums. A pendulum that vibrates, in a fecond, 
m the northern regions, when carried to the equator, 
is always found to move too flow, and requires to be 
made fliorter to vibrate truly in a fecond. : This 
fliews the gravity is lefs there ; and this obferTatioij 
confirms the diurnal motion of the earth, and its 
,oblate fphcroidal figure at the fame time. It is alio 
a confequence of this figure of the earth, that the 
degrees in a meridian muft increafe from the equa- 
tor to the polesi but the difierence is lb fmallthat it 
cannot be difcovered, from obfervation, but in lati]- 
tudes that differ confiderably from each other j and 
the variation of the degrees, that are near one ano- 
ther, appears, by our author's computations, to be 
incomparably lels adapted for judging of the figure 
Jii the earth, than the motion of pendulums, in which 
the leaft variation . becomes very fenfible,- in a great 
number of vibrations. 

7. Some have imagined the flownefs of the pen- 
dtUums at the equator, may have jM'OCccdcd from 
.the rod of the pendulum Iseing extended t04 greater 
.length, by the 'heat: but our author has &ewed, 
,that this could produce but a very fmall part of the 
effcft. Mr. Richer, who was very careful in making 
.his obfervations, found, that a pendulum vibrating 
•in a fecond of time, in the illand of Cayenne, was 
ihorter than one that vibrated, in the fame time, at 
.Paris, by one line and a fourth part of a line. Ogr 
iiuthor, with good reafon, think; that a difference 

' ■ / ' 'ff 
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of one fixrfi part of a line, may be allowed as the ef- 
ftft of the heat ; and, fobdufting this from the dtf- 
ference obferred by Mr. AVArr, thefemamder, i line 
and A of a I'lW, as tlic diflference owing to the de- 
creafe of gravity, and is very confbnarit to what our 
tuthor draws from his rtwoTy. This obftrvation and 
tmr author's theory agree, in alloiring fcventeen mites ' 
for the «xcefs of the height of the earth at the equator, 
idiore its height at the poles. 

8. From the oblate figure of the earth, our au- 
Aor has accounted for the frectfim of the equinoMs. 
Weconmionly fuppofe, that, while thcearth moves in 
her orlMt round the fun, her axis continues always 
}iarallel to itfelf, k as to form an invariable angle 
wiA the ecliptic of about 66^* : from hence k i^ 
tiiat the plane of the ^uator is inclined to the cclip- 
ec, in an angle of 23^% and produced paQes 
through Ac centre of the fun, twice orily in every 
rcTolution. The points of the hcavem, where tf» 
centre of the fun appean to be, in thefe two cafes, 
«K called the equinoctial points. In any other pans 
ct the earth's orbit, the fun is on one fide of the 
plane' of the equator; being to the north of it 10 
the fummer half of the year, and to the louth of it 
in the winter half. Thefe equinoctial points are not 
fixed in the heavens, but ^ve a flow motion, from 
«rfk to weft, among the ftars, of about 50" in a 
year % and hence it is, that the interval of time be- 
cwixt any equinox and that fame equinox, in the 
foHowing reTolution rf the earth (wtich aftronomera 
««U the trvpicat year), isfome minuresftorter thart 
ihe-Jldenat year, or the period wherein the carrfi rc- 
■Wlves-from one pmpt of her orbit, to the fame point 
ag^ : and, becaule the recrogTKic motion of the 
eiqwnoftial poinrs thus advances the time of every 
!,« little fooncrthan it wouH othcTwifc have 
happcoed, 
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Intrpened, this phenomenon is called the preceQion 
of tnc eqauioxes. The philofophcrs, who maintained 
the Ftottmoic fyftem afcribed this morion to the fixed 
ftars \ and, in their ordinary way, made no fcruple to 
^ contrive a fphere for this purpofc, which they fup- 
polcd CO revolve with a very flow motion on the poles 
of the ecHptic,' and to carry all the fixed ftars along 
with it i whereas this phaEnomenon is accounted for 
by a retrograde motion of the nodes of the equator 
and ecripttc, fimilar to the motion of the nodes of the 
moon's orbit. 

It was {hewn above, how the a&ion of the fun 
produces the retrograde motion of the nodes of the 
moon } and it follows, from the fame principles, 
that if a planet revolved about the earth -near to its 
furfacc in the plane of the equator, its nodes would 
alfo go backward, though with a flower motion than 
thofe 6f the moon, in proportion as its diftancc from 
the earth's centre was lefs than that of the moon. 
Suppofe the number of fuch planets to be increafed 
till they touch each other, and form a ring in the 

. equator, and tlie nodes of this ring would go back- 
ward in the fame manner as the nodes of the Orbit 
of any one planet revolving there. Suppofe then 
this ring to'sdhere to the earth ; and its nodes would 
ftill go backward, but with a much flower motion, 
becaufc the ring muft' move the whole earth, to 
■which it is fuppofcd to adhere. The elevadon-of 

. the equatorial parts of the earth has .the fame effeft as ' 
ftich a rir^ would have ; only the motion of the 
nodes of tlw equator, or of the equinoftial points, is 
flower, bedsufe the accumulated parts of the earth, 
above a fphcrical figure, are diffijfed over its-furfacr, 
and have a leis efi«l than if they were all colleflcd 
in the place of the equator, in the form of a ring*. 
.The moon has a greater force on this ring than the . 

fun. 
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fun, becaufe of h«r kfs diftance from the earth -, and 
they both contribute to produce the retrograde mo-, 
tion of the equinoftial points : the motion, however, 
produced by both is jo flow, that thofe points will 
not finifh a revolution in lefs than 25000 years. Our 
author has determined the quantity of this motion, 
from its caufcs, and finds it, from the theory, to btf 
perfectly confonant with the obfervattons of aitrono- 
m^rs. 

There is another effed of the aftion of the fun and 
moon on this ring, which is too fmatl to be fenfible 
in agronomical obfcrvations : their aftion on the 
ring, makes its inclination to the ecliptic to decreafe 
and increafe, by turns, twice every year. 



CHAP. VII. 

Of the ehhittg and fiowing of the fea. 

IT is not in the motions of the celeftia! bodies 
only, that the effcfls of their mutual gravita- 
tion are vifiblf, for we are now to (hew, that a. phsc- 
nomenon which palTcs on our earth, and is known 
to every body, proceeds from the fame principle j 
1 mean, the ebbing and flowing of the fca, the fo^ 
lution of which, from the bad fuccefs of thofe who 
' attempted it before our author, had become a re- 
proach ta philofophy. But he has very plainly and 
fully accounted for it, from the unequal gravitations 
of the parts of the earth towards the fun and moon. 
It will be worth while, becaufe it ii a very celebrated 
queftion, to be the more particular in explaining his 
■folution of it. 
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It is obvious, that, if tKe earth was entire!)' fluid, ' 
and'quiefcent, its particles, by their mutual gravity 
towards each others would form themfelves into the 
figure of anexaft fphcre. Suppofe now, that (bme 
power ads on all the particles of this earth, with an 
equal force^ and in parallel direftions, the whole 
mafs will be moved by fuch a power, but its figure 
will fuffer no alteration by it ; beeaufo all the parti^ 
cics being equally moved by this power, in parallel 
lines, they will ftill keep the fame fuuanon with re- 
ipeft to each other, and ftill form a fphere, whofe 
centre will have the fame motion as each particle. 
For, as a drbp of water, while it falls' towards the 
eerthj' retains its fpherlcal figure -, and, as the Ctua^ 
tion ofbodi^s in i, Ihip, that moves with an uniform 
motion forward, is no way affeftcd by the motion 
which is common to the Ibip and all the bodies in it j 
fo the fituation of the parts of the earth, with refpedt 
to each other, can be no way affected by any power 
thataiAs with the fame force, and in the fame direC' 
tion^ on every part, and pnxnotes each equally. 

We have already (hewed, that the particles of the 
earth gravitate towards the moon, and if the gravita- 
tion of the particles was every where the fame, and 
aftcd in the fame dircflion, it would have no efftrft 
Qn the figure of the earth ; fo that, if the motion 
of the earth round the common centre of gravity of 
the earth and moon wasdeftroycd, and the earth 
was left to the influence of its gravitation towards the 
moonj the earth falling towards the moon would re^ 
tain its fpherical figure, all the parts being equally 
carried on^ and retaining, therefore^ the iame iituation 
with, refpcA to each other. 

B b ' ■ ' ■ ' ; Bu| 
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But the anions of the moon, on dUfcrcnt parts of 
the earth, are unequal ; thofe parts, by the general 
law, being moft atlra£ted which are neareft the 
moon, and thofe being lealt attrafted which are 
fartheft from the moon ; while the parts diat are k 
a middle diftance, are attracted by a mean degree of 
force : nor arc ill the parts ai^ed on in parallel lines, 
but in lines directed towards the ceotre of the moon : 
and, on thefe accounts, the fphertcal f^ure of the 
earth mtift fuffer fome change from the nioon's 
aftion. 

Soppofe the earth to fall towards the moon, as 
before, and let us abftraft from the mutual grarita- 
tion (^ its parts towards each other, -as alfo front 
their cohefion ; and it witi rafily appear, that the 
pvts ncareft the moon would- fall wkh the fwifteft 
motion, being moft attrafted, and that shey would 
leave the centre or greater bulk oi the earth behind 
them in their fall i while the more remote parts 
would fall with the floWeft mouoi>, being lefs at- 
traded than the reft, and be left a^ little behind the 
bulk of the earthy fo as to be found at a greater 
diftance from the centre of the earth than at the be- 
ginning of the motloD— From which is is rtianifeft, . 
that the earth would foon lofc its fpherical figure, 
, and form itfelf into an oWong fpheroid, Whofe longeft 
diameter would point at the centre of the moon. 
If the particles of -the earth did not gravitate towards 
each other, but towards the moon only, the'diftanctt 
betwixt the parts of the earth that are fuppofed to b* 
neareft to the moon, and the central parts, would 
continoally increafc, becaofc of their greater cderitjf 
in falling; and the diftance betwixt the-centisd ports, 
and the parts that are fartheft from the moon, would 
incrcafe conunually at the fame time ; thefe being 

kft 
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kft behind by the central parts, which (bfy would 
follow, but with A leTs velocity. Thus the figure 
of the earth would become more and morf oblongj 
that diameter of it which pointed towards the mooa 
continually infreafing. 

But this is not the only reafon ijyhy the earth 
would foon affume an oblong fphermdal form, if its 
parts were allowed to fall freely by their gravity 
towards die moon's centre. The lateral parts of tlws 
, earth fthat is, thofe which are at the diftance of a 
quarter of a circle from the point which is direftly 
below the moon) and the central parts dSfcending 
with equal velocities, towards ths iftine point, vix. 
the centre Of the mooti, in approaching to it, would 
manifellly approach, at the fame tin)C, to each other, 
am], their diftance growing Icfs, the diameters of 
the earth paCing through them would become kfs i 
fo that the diameter <lf the earth that points sowardi 
the moon would incfeafe, and thofe diantwten of the 
earth that are perpcndioular to the lind. joining th« 
centres of the earth and moon, would d<creaJ(c at tha 
fame time, and render the %ure of the cardi ftJll 
more oblong for this reafon. 

Let us now allow the parts of the canh to ^a* 
vilate towards its centre; and, as this gravitation far 
exceeds the aftion of the n^ofn, and much more ex- 
ceeds the difierences of her adions on the diSbrent 
parts of the earth, the eScit that will refult from 
vhe ineqiwJities of thcic adions of the moon, will 
be only a fmall diminution of the gravity of. thofo 
parts of the earth which it endeavoured, in our for- 
mer fuppofttion, to feparate from its centre, and a 
fmall addition to the gravity of thcfe parts which st 
rndejkvottred to bnng nearer to its ceotrc ; that is, 
thole partfl of the caj:th wkich arc aartSl W thd 
Sb X mooD, 
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moon, and thofe which are fartheft from her, will 
have their gravity towards the earth fomewhat abated; 
whereas the lateral parts will have their gravity in- 
creafed : fo that, if the e^th be fuppofed fluid, the 
columns from the centre to the nearefl: and to the 
fartheft parts muft rife, till, by their greater height, 
they be able to ballance the other columns, whofe 
gravity is either not fo much diminifhed, or is in- 
creafed by the inequalities of the aftion of the nKwn : 
and thus the figure of the fluid earth muft be Hill an 
oblong fpheroid. 

. "We have hitherto fuppofed the earth to fall 
towards the' moon by its gravity. Let us now con- 
fider the earth as projefted in any direftion, fo as to 
move round the centre of gravity of the earth and 
moon : it is manifefl:,, that the gravity of each par- 
ticle towards the moon will endeavour to bring it as 
far from the tangent, in any fmall mmnent of time, 
as if the earth was allowed to fall freely towards the 
moon i in the fame manner as any projetSile at our 
earth, falls from, the line of projeftiwi as far as it 
would fall by its gravity in the perpendicular, in the 
fame time. Therefore the parts of the earth neareft 
to the moon, will endeavour to fill fartheft from the 
tangent, and thofe fartheft from the moon will en- 
deavour to fall leaft irom the tangent, of all the para 
of the earth J and the figure of the earth, therefore, 
. will be the fame as if the earth fell freely towards the 
moon : that is, the earth will ftill afle£t a Tphcroidal 
form, having its longeft diameter direfted towards the 
moon. - 

"What muft be carefully attended to here, is, that 
k is iwt the a£Hon of the moon, but the inequalities 
in that aftion, that produce any variation from the 
ipherical: figure ;. and that if this aAion was the 
[ ■ ■• i '. ^ &me 
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fame in all the particles as in the central parts, and- 
acted in the fame direftion, no fuch change woul{f ' 
enfue. Our author, therefore, to account for thir 
matter, conceives firft the attraftion .of the central 
parts to be diffufed with an equal force over all the 
parts in the fame direflion, and then conceives the 
.' inequalities as arifing from a power fupcradded, and 
direfted towards the moon where there is an excefs,' 

■ and direflied in the oppofite line where there is a de-- 
fe£t, in the attraftion of the parts, compared with' 
the attrailion of the central parts : for thus the lutn 
of thefe forces, in the firft cafe, will account for the 
attraftion where it exceeds, and their difference will' 
account for the attradion where it is lefs than in the 
centr^rparts. And when the effefts of thefe powers'- 

■ are' confidered as they affcft the figure of the earth, 
it is manifcft that they muft produce fuch an oblong 
fphcroid as we have defcribed ; the fuperadded force 
drawing the parts nearcft the moon towards her, and 
therefore from the earth's centre; while it draws the 
parts fartheft from the moon in an oppofite direc- 
tion ; and therefore ftiU draws from the centre of the 
^archalfo.' . ' 

The aftion of the moon on the lateral parts is 
refolved^iirto two, one equal and parallel in its di- 
redion to her aftion on the central parts, and an- 
other directed from thofe lateral parts towards the 
centre of the earth ; the firft of thcfc can have no 
cfi"e£t upon the figure of the earth, being confidered 
as'common to all the panicles, and therefore to be 
neglcded in this enquiry : it is the other that adds to' 
the gravity of the lateral parrs towards the centre Of 
the earth, and, by adding to the weight of the lateral 
Columns, ic makes them fuftain the other columns, 
whdfe gravity is diminiihed by the aftion of thd 
inooh' to a gfeater height ; and the power which 
Bbs ■ alters 
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alters the fphencal figure is to be eftimated as the 
' fum of two powers, that which is added to the gra- 
TJty of the one, and is fubdu^ed from the gravity 
ef the other. 

Hitherto we have abffrafted from the i^otion of 
the earth on its axis : but this muft alfo be confidcred 
in order to know the real efFetft of the moon's ac-: 
tions on the fea. Was it not for this motion, the 
longed diameter of the fpheroidal Bgure, which the 
fiuid earth would aOume, would point ac the moon's 
centre j but, becaufe of the mtxion of the whole 
mafs of the earth on its axis from weft to eaft, the 
moft elevated part of the water no longer anfwers 
precifety to the moon, but is carried beyond the 
(noon towards the caft in the dircftion of the ro- 



The water continues to rife after it has palled di- 
teftly under the moon, tho' the immediate aftion of 
the n>oon there begins to decreafe, and comes not to 
its greateft elevation till it has got half a quadrant 
further. It continues to defcend after it has pa{Ied ac 
90 degrees diftancc from the poiric below the moon, 
thb' the force which the moon adds to its gravity be- 
gins to dccieafe there. Por Hill the action of che 
moon adds to its gravity, and makes it delccnd till it 
)ias got half a quadrant farther : the grcaceft eleva- 
tion, therefore, is not in the points which arc in a line 
with the centres of the earth and moon, but about 
half a quadrant to- the eaft of thefe poinu in the di- 
ve&i(ui of the motion of rotation. 

~ Thus it appears that the fpheroidal form wtiich 
|he fiuid earth would affeiV, will be fo Atuated that 
(he longefl diameter of that Bgure will point to the 
cafl of the moon, of that the moon wiU always be 
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to the weft of the meridian of the parts of greatcft 
elevatioit. Suppole now an ifland in tliis fiuid- 
earth, euid it will approach in every revolution to 
each elevated pare oc this ipheroid, and the water on 
thelhoreof this ifland will neceffarily rife twice every 

- lunar day } and the time of high water will be' when 
it approaches to tbde elevated parts, that ts, when 
it has pafied to the eaft of the moon, or when the 
mocMi is at fome diftance to the weft of the me- 
ridian. 

We have hitherto takm notice of the aftion of 
the moon only : but it is manifeft, that, for the fame 

- reafoQs, the inequality of the fun's adtion on the dif- 
feme parts of the earth would produce a like eSeft, 
and' that thefe altme would produce a tike variauon 
from the exadt fpherical figure of a fluid earth. In- 
deed the effefl: of the fun, becaufe of his immenfe dif-, 
tance, mult be confiderably lefs, tho* the gravity to- 
wards the ion be vaftly greater. For it is not their 
fl&iotw, but die inequalities in the a£tions of each, 
which hare any effeft -, as wc have often obferved. 
The font diftance is fo gfcat, that the diameter of 
the eanh is a point <u)mpared to it, and the difference 
between the aiTtions of the fun On the neareft and 
^rthcft parts becomes, on this account, vaftly lefs 
than it wotild be if the fun was as near as the moon, 
whofc diftaflce from us is about 30 diameters of the ' 
earth. Thus the inequality of the aftion of the earth 
on the parts Ofa drop ctf water is altogether infenfible, 
becaufe the diameter of the drop is an infenfible 
quantity compaKxl with its diftance from the centre 
of the earth. 

However, the immenfe bulk of the fun makes 

the etfca ftiU fenfible at fo vaft a diftance j and 

therefore, though the aftion of the moon has the 

B b 4 grcateft 
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greaceft fiiare in producing the tides, the aftion of the 
fun adds fenfibiy to it when they conlpire together, 
as in the change and full of the moon, when thej^ 
are nearly in the fame line with the centre of the 
earth, and therefore unite their force? ; fo that then 
the tides are greatefl:, and are what we call the fpritig- 
tides. The aAion of the fun diminifhes the cffcdt of 
the moon's action in the quarters, becaufc the one 
raifcs the water in that cafe where the other dcprcfles 
}t ; and therefore the tides then are leafl ; and thele 
■we call the map tides. Though, to fpeak accu- 
rately, the fpring and neap tides miifl be fome time 
after ; becaufc, as in other cafts, fo in this, the cfii^ 
is not gre^teft or leaft when the immediate iixfluence 
«f the caufe is greateft or leati:^ As the greateO; 
heat, for example, is not on the folftitial day, when 
the immediate ad^on of the fup is greateft, but fomc 
time after. 

That this may be more clearly underftood, let it 
be conGdeivd, that, though the a&ions of the fun and 
jnoon were to ccafe this moment, yet the tides would 
continue to have their courfe for fame time : For the 
water where it is now highcft would fubfide and flow 
down on the parts that are lower, till by the motion 
of defcent,. being there accumulated to too great a ' 
height, it would neceiTariiy return again to its firft 
place, though in a lefs meafure, being retarded by 
the refiftance arifing from the attrition of its parts. 
Thus it would for fome timf: continue in an agita* 
tion like to that in which it is at pnyfcnn The 
waves of the fca that coqtinue after aflgrm ccafes, 
and every motion almoft of a fluid, may illyftrate 
this. • 

The high water does not always qnfww to th« 

fame fityatig^ of the inwn, but happens fpmetimej 

" fooner 
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Jponer, and fomctimes later, than if the moon alone 
afted on the fea. This proceeds from the action of 
the fun, which brings on high water fooner when 
the fun alone would produce a tide earlier than the 
moon, as, the fun manifeftly would in the firft and 
third quarter ; and retards the time of high water a 
Jittie, when the fun alone would produce a tide I'atef 
than the moon, as in the fecond and laft. quarto's. 
The diflirenc diftanccs of the moon from the earth,- 
produce likewife a fenfible variation in the tides. 
When the moon approaches the earth, her aiftion on 
every part increafes, and the differences of that aftion, 
oji which the tides depend, increafe. For her a^ion 
increafes as the fquarcs of the diftances decreafej 
pnd though the differences of the diftances ihemlelves 
be equal, yet there is a greater difproportjon, betwixt 
the Iquares of icfs than the fquares of greater quan- 
tities. As for example, 3 exceeds 2 as mUch as 2 
exceeds i, but the fquare of 2 is quadruple of th? 
fquare of i, while the fquare of 3 (viz. 9.) is- little 
more than double the fquare of 2 (viz. 4.) Thus it 
appears, that, by the moon's approach, her ai5tion 
pn the neareit parts increafes more quickly than her 
^ion on the remote parts, and the tides, therefore, 
increafe in a higher proportion as the diftances of the 
pnoon decreafe. Our author (hews that the tides in- 
preafe in proportion as the cubes of the diftances de- 
preafe, fo that the moon at half her prcfent diftance 
would produce 3 tide eight times greater. The 
moon defcribes an eHipie about the earth, and in };ier 
peareft diftance produces a tide fenfibly greater than 
at her greateft iliftance from the earth : and, hence 11 
is that two great fpring tides never fuccecd each other 
immediacely i for if the moon be at her neareft 
diftance from the earth at the change, flic mufl: be 
at her greateft diftance at the full, having, in the 
^crvening time, finUhed h^ a revolution ; and 

thcre- 
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therefore the fpring tide dten wil) be mtich Ids thxn 
the tide ac the change was :' and for the ikme rea^m, 
if a great fpring tide happen at the time of full mooo, 
the tide at the cnfuing change will be le&. 

It is manifeft, that if either the flin or moon was 
in the pole, they could have no e&ft on the tides i 
for their action would raife all the water at the eqaa- 
ur to the fame height ; and any place of the earth, 
in defcribing its parallel to the eqaauir, would not 
meet, in its courfe, with any part of the water more 
elevated than another -, fo that there could be no dde 
in any place. The eflfeS; of the fun or moon ia 
greattft when in the equator : for then the axis of 
the fpheroidal figure, arifuig from their adioo, 
moves in the greateft circle, and the water is put 
into the greateft agitation ; and henoe it is, that the 
fpring tides produced when the fun and moon are 
both in the equator, are the greateft of any, and 
the neap tides are the leaft of any, about that time. 
But the tides produced when the fun is in either of 
the tropics, and the moon in either of her quarters^ 
are greater than thofe produced wlien the fun is in 
the equator, and the moon in her quarters ; bccaufe, 
in the firft cafe, the moon is in the equator ; and, in 
the latter cafe, the moon is in one of the tropics : 
and the tide depends more on the aftion of the moon 
than that of the fun, and is therefore greateft when 
the moon's aftion is greateft. However, becaule 
the fun is nearer the earth in winter than in fummer* 
llCflce itis, that the greateft fpring tides arc afer tht 
•utumnal and before the vernal equinox. 

When the WoM declines from the equator towards 
«'.ther pole, one of the greateft elevations of the 
water follows the moon, and defcribes nearly the 
parallel on the earch's furface which is under that 

which 
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which the moon, becaufe of the diurnal modpn, 
feems to defcribe ; and the oppofite greateft eleva- 
tion, being ^Kiipcdis to that, tnuft defcribe a paral- 
lel as far on the other (ide of the equator : fo that 
while the one moves on the north fide of the equ*-., 
tor, the other moves on the fouth fide of it, at thi^ 
fame diftance. Now the greateft elevation which 
. moves' on the fame fide of the equator, with any 
place, will come nearer to it than the oppofite eleva- 
tion, which moves in a paralle! on the other fide 
of the equator ; and therefore if a place is on the 
fame fide of the equator with the moon, the day 
tide, or tliat which is produced while the moon is 
above the horizon of the place, will exceed the night 
tide, or that which is produced while the moon is 
under the horizon of the place. It is the contrary if 
the moon is on one fide and the place on the other 
fide of the equator ; for then the elevation which is 
oppofite to the moon, moves on the fame fide of the 
equator with the place, and therefore will come 
nearer to it than the other elevation. This differ- 
cnce will be greateft when the fun and moon both 
defcribe the tropics -, becaufe the two elevations in 
that cafe defcribe ihc oppofite tropics, which are the 
fartheft from each other of any two parallel circlet 
they can defcribe. Thus it is found, by obferva* 
"tion, that the evening, tides in the fumiper exCeed 
the morning tides, and the morning tides in winter 
exceed the evening tides. The difference is found 
at Briftol to amount to fifteen inches, at Plymotlh td 
one foot. It would be ftill greater, but that a fluid 
always retains an imprcffed motion for fome timcj 
fo that the preceding tides afieft always thole that 
follow them *. 

..The 

• See Fig: 71. (from Sitl/aae ffnv/cnj in wUicIi th« iphe- 
void r Afi Tepnienti ihe eaitb, p,/, tbe polet, a e the «qaa- 
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The phenomena ef particular places agree with 
thele general obfervations, if the Qtuation and extent 
of the feas and fhores, in which they are Situated, are 
confidercd. It has been always known that the 
tides foilcJW the motion of the moon, rifmg twice in. 
one revolution of the moon to the meridian of any 
place ; which exceeds a folar day by above | of an 
hour, bccaufe the proper motion of the moon retards 
fo much her appulfc to the meridian of the place. 
All the effefts of the fun's action, fometimes promot- 
ing, fometinies abating the cfFefts of the aftion of the 
moon, as before mentioned, are alfo conformable to 
perpeiual obfcrvation ; and the tides in places that 
lie on, a deep and open ocean, where the water can 
eafily follow the influences of the fun and moon, arc 
agreeable to this theory. 

Tha^ the tides may have their full motion, the 
ocean in which they are produced ought to be ex- 
tended from eaft to weft 90', or a quarter of a 
circle of the earth at leaft. Becaufe the places, 

tor, r any place not in the equator, f / its pardld d ^ ■ piral- 
' lel on the other lide of the equator, i. the moon's place threa 
IiouTs before, h the place oF the earth to wjikh l is vercical, and 
i the oppofite place, Kt i, placet 90° diAanC from thcfe. Then 
will CH, ci, menfure the greatell elevations of the wacfr, and 
c K, c *, the'leaft. c f, c/, c d, c i^, Wilt be the elevation* at 
r,/, D, t/. And if N M ts a circle of the fpheroid, meeting the 
equator and iheTe parallels in s, <t, t, c n will be tbe elevar, 
tion of the water at s, a, t, or any other pkces in the cir- 
cle K M. The highelt tides at any place r, happen at f and_/; 
"three hours after the moon's paffing the meridian, above or IJe^ 
low the horizon; and the loweft aiQ^th^ee hours after her fetting 
ST' Dfing. And tf > and l are on itic fame fide of the equator, 
the day tide will rife higher than the night tide, c p being 
greater than c/. It is the contrary, when the moon't decliA* 
a't'iiSla and the latitude of a place d are of oppofite denomina- 
tions, the one north apd the otbci foutb ; becaufe then c n is 
fricatc^ thai] cV. . 1 ' 

when 
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•where the moon railcs moft, and moft deprefles, the 
■water, are at that diftance from each other. Hence 
it appears, that it is only in the great oceans that fuch 
tides can be produced -, and why in the larger pacific 
ocean they exceed thofe in the Atlantic ocean; Hence 
alfo, it is obvious why the tides an: not fo great in 
the torrid zone, between Africa and jimerica, where 
the ocean is narrower, as in the temperate zones on 
cither fide j and, from this alfo, we may underftand 
why the tides are fo fmall in iflands that are very far 
diftant from the fhores. It is manifcft, that, in the 
Atlantic ocean, the water cannot rife on one Ihore but 
by defcending on the other ; fo that, at the interme- 
diate diftant iflands, it muft continue at about a mean 
height betwixt its elevation on the one and on the 
other ftiore. 

As the tides pafs over flioals, and run throogK 
ftraits into bays of the fea, their motion become*- 
more various, and their height depends on a great 
many circumftances. The tide that is produced on 
the wcftern coafts of Europe, in the Atlantic, cor- 
refponds to the fituation of the moon we defcribed 
above. Thus it is high water on the coafts of Spaing. 
Portugal, and the weft of Ireland^ about the third 
hour after the moon has palTed the meridian. -From 
thence it flows into the adjacent channels, as it Bnds 
the eafieft paflage. One current from it, for ex- 
ample, runs up by the fouth of England, another 
comes in by the nonh. of Scotland r they take a con-_ 
fiderable lime to move all this way, and ii is high 
water fooner in the places to which they firft come j 
and it begins to fall at thofe places, while they are 
yet going on to others that are farther in their courfe. 
As they return, they are not able to raife the tide, 
bccaufe the water runs fafter off than it returns, till, 
by a new tide propagated from thb open ocean, the 
return 
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return of the current is Hopped, and the water be- 
^ns to rife tgain. The tide takes twelve hours to 
come from the ocean to Landon-hridge, fo that, whea 
it is high water there, a new tide is already come to 
^ height in the ocean t and, in Tome intermediate 
place, it mufl; be lov water at the fame time. In 
channels, therefore, and narfow feas, the progrefs of 
the tides may be, in ibme relpci^, compared to the 
motion of the waves of the fca. Our author alfq 
oblerves, that when the tide runs over fhoals, and 
flows upon flat Ihores, the water is railed to a greater 
height than in the open and deep oceans that have 
fieep banks ^ becaule the force of its motion cannot 
be broke, upon thcfc level Ihores^ till the water rifes 
to a greater height. 

If a place communicates with two oceans, (or 
two dificrent ways with the fame ocean, one of which 
is a readier and eaiier pafiage) two tides may arrive 
at that place in dificrent times, which, interfering 
with each other, may produce a great variety of 
phiEnomena. An extraordinary inftancc of this kind 
is mentioned by our author at Batpa^ a port in the 
kingdom of Tunquin in the Eaji Indies, of northern 
latitude lo" $o'. The day in which the moori 
paffes the equator, the water ftagnates there without 
any motion : as the moon removes from the equator, 
the water begins to rife and fall once a day ; and it 
is high water at the letting of the moon, and low 
water at her Tiling. This daily tide incrcafes for 
about fcven.or eight days, and then dccreafes for a$ 
many days by the fame degrees, till this motion 
ceafcs when the mooil has returned to the equator. 
When file has pafied the equator and declines 
towards the -fouth pole, the water rife* and falls 
^ain, as before ; but it is high water now at the ril^ 
ing, and low water at the fetting, of the moon, ~ 

Our 



D,gt,,-f.rihyGOO>^IC 



0ii.p. 6. Fbilq&ofhical DiscovEittEs. 38 j 

Our audior, to account for this extraordinary tide, 
confiders that -there ire two inlets to this [Wt o£ 
Batfim, one frcun the Cbintfe ocean betwixt the con- 
tinent and the Manillai, the other from the Indian 
occui betwixt the continent and Borneo. This leads 
him to propofe, as a, fbludon of the phxnomenon,' 
that a tide may arrive at Batjha, through one of thele 
inlets, at the third hour of the moon, and another 
through theother inlet fix hours after, at the ninth 
hour of the moon. For, while thcfe tides are equal, 
the one flowing in as the other ebbs out, the water 
inuft ftagnate : now they are equal vnhen the moon 
is in the equator ; but as foon as the moon b^ins to 
decline onthe fame fide of the equator with Batjbtt, 
we hare Ihewcd that the diurnal tide mult exceed 
the nofturnal, fo that two greater and two Icffcr 
tides mnfl: arrive at Baiftia by turns. The difFcrencc 
of thefc will produce an. agitation of the water, 
which will rife to its greatell height at the mean time 
betwixt the two greateii tides, and fall loweft at .» 
mean time betwixt the two leaft tides ; fo that it will 
behighwanr about theftxthhouratthefcttingof the 
moon, and low water at her rifmg. When the moon 
has got to the other fide of the equator, the no&urnal 
tide will excsed the diurnal \ and therefore, the high 
water will be at the rifmg, aod low water at the fet> 
ting, of the moon. The fame principles will fcrveto 
account for other extraordinary tides, which, we are 
told, are obferved in places whofe Qtuation exp<^6ft 
them to fiich irregularities. 

Our author does not content himfelf with theft 
general oWefratians, but calculates the effefts of the 
fon and raoon upon the tidesj frotn their attra^ivc 
powers. The augmentation of the gravity of the 
lateral parts of the eardi, produced by the adion 
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of the fun, is a fimilar cffeft to an augmentatJonV 
tftimatcd by him btforc, that is made to the gravity 
of the moon towards the earth by the fame aflionv 
when the moon is in the quarters j only the addition 
made to the gravity of the lateral parts is • abouc 
6o4- times lets, becaufe their diftance from the earth's 
centre is fo many times leis than the diftaoce of the 
moon from it. The gravity of thc^e parts of the 
earth that are directly beneath the fun, and of thole 
oppolitr to it, is diminiflied by a double quantity of 
what is added to the lateral parts i and as the dimi" 
nution of gravity of the one, and augmentation, of 
the gravity of the other, confpire together in raifing 
the water under the fun, and the parts oppofite to it, 
above its height in the lateral parts ; the whok force 
that produces this effed is to be conQdered as triple 
of what is added to the gravity of the lateral parts ; 
and is thence found to be to the gravity of the par* 
tides as i to 12868200, and to the centrifugal force 
at the equator as i to 44527. The elevation of the 
waters, by this force, is confidered by our author as 
an cffe& fimilar to the elevation of the equatorial 
pares above the polar parts of the earth, arifing from 
the centrifugal force at the equator; and, being 
44527 times lefs, is found to be i foot and 11^ 
inches, Paris meafare. This is the elevation ariGng 
from the aition of the fun upon the Tracer. 

In order to find the force of the moon upon the 
water, he compares the fpring tides at the mouth of 
the river Avon below Brtftel (which are the effect of 
the fum of the forces of the fun ahd moon when 
their actions almoft conipirc together,) with the neap 
tides there (which arc the eflfefit oS the difierence M 
chefe forces when they aft almoft againft one ano* 

. ■• J«>(w>. Wb. m. P«p.3S, 
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thcr,) and finds their proportion to be that of 9 to 
5 ; . from which, after fevcral neceffary corrcftions, 
he concludes that the force of the moon Is to, the ; 
force of the fun, - in raifing ttu: waters of the . ocean, 
as 4,481510 I ; fo that the force of the moon is able, : 
of itfelf, to produce an elevation of S feet and 7^V 
inches, and the fun and moon together maiy produce • 
an elevation of about io4- feet, in their mean dif- , 
tances from the earth, and an elevation of about ta ' 
feet when the moon is neareft the earth. The height , 
to which the water is found to rife, upon the coafts ^ 
of the open and deep . ocean, , is agreeable enough Co . 
this computation. 

It is ffom this laft cdculatipn that he is able to 
make an eflimate of ,the denfity and quantity of 
matter in the moon. Her infiucnce on th? tides ts 
the only efied of the moon's, attracting power which 
we hare accefs to meafure, and it enables us to.efti-. 
mate her denfuy compared with that of the fun, which ; 
we find it exceeds in the proportion of 4891 to loooj 
and fmce the denfity of the earth is to that c^theTun. 
as 4000 to 1000, it follows that the moon muft bc( 
more denfe than the earth in the proportion of 489 1 : 
to^ooo, orof II tog nearly. Theproporticwi of thc: 
diameter of the earth to that of the moon is known, 
from altronomical obfervations, to be that of ^65 to, 
100 V and from thefe two proportions k eafily fol-- 
lows, that the quantity of matter in the moon is to 
the matter in the earth as i to 39,788 i and the 
centre of gravity of the earth and moon muft be, 
therefore, almoft 40 times nearer to the earth than 
to the moon : and the fituacion of their centre of gra- 
vity being known, the motions in their fyftcm may 
be determined wiUi great precifenefft, 

C « 9ur 
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Our author enquires into the figun (^ the moon-: 
•Adbccaufe the earth contains near 40 times more- 
matter than the moon, the elevatioB prodaced by 
the adtion of thie earth in the parts of liie moon tha 
are neareft to it, and in the parts oppoGte to thcle, 
would be near 40 times greater than that which the 
moon produces in our feas, if this elevation was not 
to be dlmintOwd in proportion as the femidiameter 
o£ the moon is tefs than the femidiameter of the 
earth) that is, in the prc^iortion of 100 to 365. B^ 
compounding ttiefe proportions he flntis, tint the- 
diameter of the nAoon that pafles through the centre- 
of the earth, mult exceed tbofe that are perpendi- 
cular ta tc, bf about 1 86 feet. He thinks the foHd 
parts of the mooR mnft have been formed into fa(:hc 
a- fpheroidal figure, having its longeft diameter di- 
re^d towards the earth ; and this may be tile- reafon 
whjr the moon always turns the fame fide towards 
the earth. If there were great feas in the moon, anif 
if Ihe revolved on her axis fo as to turn difieretit iides- 
towards the earth, there would have been- very grear 
tides produced in them, fuch as would exceed our 
tides ten rimes j but, by her keeping one fide always 
towards the earth, there are no crdes produced in her 
. feas, but what proceed from the differences of thw 
diilanccs from the earth, and from the moon's libra- 
tions i for the aiftion of the fun can have very Uttle 
efFcft upon them. 
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CHAP, vnt 

Of the eomtSt 

I. TYItteno ve haft treated of the planets : but, 
£*1 bcfides tJicie, we find in the eXpanfe of 
heaven many other bodies belonging to the fytlem 
of the fun, that fcem to have much more irr^iular 
hiotipns. Thefe . are the iomets^ which, defcending 
from, the far diftant parts of the fyftem. with gresc 
rapidity, furprize «s with th? lingular appearance of 
a ti:aio' or tail, which accompanies them ; become 
Vifible to us ui the lower parts nf their orbits, and, 
rfter a fhort (lay, are carried off again- to vaft dif- 
tajices, ancl difappear. Though fome of the ancients 
had more juft' notions of them, yec the opmion 
having iH'C^atled, that they were only meteors gene- 
Ated in tiie air, like to thofe we fee in it every night> 
and in a few moments vanifhing, no care was taken 
to obferve or. record their phjenomena accurately, 
tiUoflate* Hence this part of aftronomy is very 
impcrfex^. The number of the comets is far from 
l^eing known ; many have been noted by hiftorians 
formerlyi and not a few of late obferved by aftro- 
nomef&i and fome have been difcovercd acciden- 
tally" by telefcopcs, paffihg by us, that never became 
vifible to the naked eye : fo that we may conclude 
thtjir flijmber to be very great. Their periods, taaa- 
nitudos, and the dimenuons of their orbits, are ^lu) 
UBCwwin. This is a part of fcicnce, the pcrfirdioa 
o/whi^h may be referved for fome diftant age, wheiv 
thei(f numerous bodies, and their vaft orbits, by long 
and accuF^ ot^ervatton, may be added to the 
knoif^i} parts of the folar fyftem. Ailronomy nyill 
a^pt«r a a new fcience, after all the difcoveries we 
C c 2 now 
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now boaft of: but then it will be remembered, even 
jn thofc flourilhing days of aftronomy, that it wai 
S'li I/aac Newfen who difcovercd and demonftrared 
the principles by which alone fuch great improve- 
ments could be made ; ' and that he begun and car- 
ried this work fo. far, that he left to pofteriiy little 
njore to do, but to obferve the heavens, and compute 
after his models. 

Having this part of aftronomy to deduce almoft 
from its iricments, he begins with (hewing, againft ' 
the fchblaftie philofophers, that the comets are above 
the moon j becaufe they participate of the apparent 
diurnal motion, rifing and fctting daily, as all things - 
that are not appendant to the earth do, and that' 
without any fenlible diurnal parallax. But, as they 
arc all affcdcd by the annual motion of the earth, 
appearing, like the planets, fometimes direft, fcme- 
timcs retrograde,' he concludes that, when they be- 
come vifibic to us, they muft be in the regions of 
the planets. As they are all affcfted by the motion 
of the earth, and it is impofliblc to bring their mo^ 
tions to any regularity without allowing that mo- 
tion 1 and ir, alone, fufEces for explaining the irregu- 
larities of every comet, as well as of every planet ; 
v?e obtain from this a new confirmation of the motion' 
oT the earth, and find all the parts of this philofophy 
jicrfeftly confiftent. 

' ' Our author having fliewed that the comets de- 
Icend into the planetary regions when they are vifi- 
ble to us, againft the opinion 6i Des Cartes^ he pro- 
ceeds to trace them in their courfes. It follows, 
from the general law of gravity already eftabliihed, 
that they muft move either in farabelic, or very ex- 
ctntric elliptical, orbits, that have one focus in the 
. centre of the fun. " He then enquires, with his ufual- 

ikill 
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ikiU and a great deal of labour, how a motion in a 
parabola may agree with the "obfervations that have 
been made upon the comets; and, for this end, 
fliews how, from -three obferrations, the parabolis 
trajefliory which a comet defcribcs may be deter- 
mined : and, from feveral examples which he has 
given, there appears fo perfeft a harmony between 
his theory and the obfervations, as adds a new evi- 
dence to it, and Ihews its ufc in carrying on the 
knowledge of our fyftem. 

He infills particularly on the celebrated comet 
that appeared near the end of the year 1680, and in 
the bediming of 1681. He determines. its traiec- 
itory, or curve, from three obfervations made by 
Mr. Flamfteed; and then compares all the obferva- 
tions, that were made by himfclf or others, with 
the motion of a body in that curve, and Ends the 
differences betwixt the obferved places of this comet 
and thofc computed fof it in the curve, for the fame 
time, to be very fmall. It was the fame comet that 
was feen in Novmier 1680; and in December, Janu- 
ary, Februiirfj and March following, though they had 
bwn generally' elleemed two different comets. In 
November it was defcending towards the fun ; it 
paired very near the fun on the 12th day of Decem- 
ber i where, having been heated to a prodigious de- 
gree, tho' the light of the head or nucleus was duller, 
yet, while it afcended in the other half of its orbit, 
its tiul .was vaftiy greater than before, extending 
fomedmcs 70" in length, and continuing vifible even 
after the head or nucleus was carried out of light. 

Dr. HaUef, to whomevSy part of aftronomy, 

but this in a particular manner, is highly indebted, 

has joined his labours to our author's on this fut^e£t ; 

nor is it necefliiry for us ta feparatc them. Finding 

C c 3 three 

n,gn,-f.rihyGOO^It? 



^90 Sir Isaac Nsvtpn's Bwk.X\^. 

tfiree ohforations of comm recDnled ip hj^Qr^t 
•gTeeing with this in remKrl(ablc circumstances, and 
returning «t tlje diftance of 575 yean frt^ each 
other, he fufpeded that cheie tnig)v be cue and tb^ 
jame comet, revolving in fhac period sb^ut tbe fun* 
He tbereforc fuppofed the fgrabah to be d],ai)ge4 
into fuch an excentric fii^fe as the comet plight de- 
fcribe in^ 575 years, and as Ibould iff^ly ^incid^ 
^rith fhe pandjola in its loveft part ^ and, haying 
computed the places of the comet in chi^ d^ptic ptr 
bir, he found them to agree fo well with thofe in 
tvhich xtxt comet was obferved to pais, that the vari- 
ations did not exceed the difieieaces which v!c foun4 
betwixt the computed and the oUerved places aS die 
planets, wlu^ motions had been the fub)c£t of ^h:o- 
oqmtcal calculation jbr fome thoufand years. Thb 
comet may, tho'cfore, be expc&ed again after finilb- 
ing the fame period, about the .year 2255. If it 
then return, it will give a new luftre and evidence 
to Sir Ifatfc I^notatCs philofc^hy, in that jdtAaht ^e. 
And fliould the inconftancy of human affairs, and 
the perpetual revolutions to which they are iiibjc^ 
occafion any negleft.of our philofophy in the i^Xfit- 
vening agps } this comet will revive it, and fiU every 
mouth-again with this great man's name. Nor need 
this be rileemed a vain predi^ton -, for we caojM^ 
but fuppofe that the attention of the a&ronomers oif 
thole days, to this comet muft be railed to a £re«d: 
pitch, becaufe in one part of its orbit it approachn 
very near t;o the onbit of our earth ; (o that, in fome 
revolutions, it may approach near cnongh to have 
very confiderable, if not fatal efie£ti i^n it.. I^or 
is it to be doubted but that, while fo many comets 
pais among the orbits of the pluiets, and carry fuch 
immenfe tails along with them, we fliould have been 
called, by very extraordinary confequcnces, to atesod 
to diefe bodies long ago, if the mociom in the uni- 
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verfe had mot been at firft deCgnedi and produced - 
by a Being of fufficienc ikiil to fordee chdr mofi: 
diftant coofequaices. pur eardt was out of the way 
whcQ this comet laft paflbd near her orbit ; but it 
requires a perfed koowlni^ of the tnotioa of the 
cornet, to be able to judge if it will always pafs bjr 
us mth ie Nttle e9ed. We may here obierve, diat 
Chefe great petiods, and diftant depending ob^rva- 
^om, prosiife this good eiFe<^, that they mu£t con- 
tribute to preferve the reli& for learning from the 
revolutions it has been formerly fubjedt to. By 
them, diftant ages are connected t(^ther, and per- 
pant] nurtter ur reviving the coriofuy of men is 
prorit^, &:9ai time to time. / 

But we 41% not £0 wait for the return o£ this dif- 
Cant comet to have our autlu)r*s theory verified, and 
to fee predidions of this kind bc^in to take place: 
By. comparing cogedier the orl^ts of the comets that 
appeared, in 1607 and 16S2, they are found £0 co- 
incideati thac we cannot but fuppofe them to be one 
and the fame comet, revolving in 75 years about 
the fun. If this cometj according to this period, 
feturn in 1758, aftronomy will then have fomething^ 
fiev to boaft of. It feems to be of thofc that rife ^ 
ihc )ea£t height from the fun, its greateft diftance 
being 01^ 35 times greaur than 1^ di0ance of the 
earth from the fun ; fo that, at the fartheJl:, ic does . 
not run out four times farther from us than Saturn. 
U viU pnobftbly be the £rlt that will be added to the 
number oi the ravolvii^ {^aoets, and elitablifla ;lus 
pare fA OAt author's theory. 

Beltdes thcTe comets we^ve menbioned, our au- 
thor has .conOdered the nfftions of fcveral others, 
and finds bis dieory ^ays confonant with obJerva- 
doo. He particularly computes the places of a re- 
Cc4 markable 
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mA-ftable comet that appeared in 1664 and 166 $•' 
It moved over 20* in one day, and defcribedalmoft 
fix figns in the heav«Jis before ic difappeared ; its 
courfe deviated from a fereat circle, towards the 
nCH'th, and its motion^ that 'had been -before retro* 
graile, became direft towards the end : and not- 
withftanding fo uiiufital a courfe, its places, com- 
puted from our author's theory, agree with the ob^ 
lerved places, as welt as thofe of- the-planets .agree 
-with their theory. 

The ph^enomena of all the cometi, but efpectally 
of the comet of 16S0, Ihew them to be folid, fixed, 
and durable bodies. This comet was, -in -its peri' 
helium, 166 times nearer to the fun than our earth 
b: and, from thisj our author computes' that it 
muft have conceived a'heaf20oo-timc6"gtcater than 
that of iron almoft gcring into fufion, and that, if it 
was equal to our earth, and cooled in the lame man- 
ner as tcrrellrial bodies, it "would take jo,ooo yedrs 
to cool : to -bear fo prodigious a heat, it muft furely' 
be a very folid and fixed body. 

There is a phenomenon that attends each comet, 
and is peculiar to them, called its fail : fome have 
impuaid this appearance to the refradtion of the fan- 
beams pafiing through the nucleus or head^ whicK 
they fuppofcd to be tranfpareot : others to the re- 
fradlion of the beams refie&ed from the head, as 
they pafs through the intermediate fpaces to us. Our 
author refutes both tbefe opinions, and fhews that 
the tail confifts of a vapour arifing continually froqi 
the body of the comet, towards ihofe parts that are 
■oppofite to the fun,; for a like reafon thit Vi^uror 
. fmoke rifcs in the atmoTphwe of the earth. ■ Bccaul^ 
of the motion of the bc)dy of' the comets the tail is 
^nt a little ppnv6s thofe p^rts which the comet 
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leaves in its modon, Thefe tails are found greateft 
^tcr it has palTed its perihcliuiD', or leaft diltance 
from the fun, where its heat is greatefl:, and the ac- 
mofpherc of the fun is molt denfe. The head ap- 
pcans after this, obfcured by the thick vapour that , 
fifes pkntifully from it. The tail of the comet of 
16S0 was of a prodigious fize : it was extended fiom 
the head to a diftance fcarcely inferior to the vaft 
.diftance of the fun from the earth. As the matter 
of th^ tail participates of the motion of the comet, 
it-is thereby carried along with the comet in its mo- 
^on, and foihcipart of it returns again with it : and 
as the matter in the tail rifes, it becomes more and 
more rarified ; as appears from the tail's increaHmg 
in breadth U|»irards. By this rarefadion a great part 
<^ the tail muft be dikted and diffiifcd over the 
fyji&m-f Same of this, by its gravity, may fall to- 
Vtards the planets, mix with their atmofpheres, and 
fupply the fluids, which, in najural operations,, are 
confumed ; - and may, perhaps, fupply that fubuk 
-fpirit in our aifj which is necdfary for the life of aoi- 
.mals, and for other natural operations. 

- We arc not to expedt that the motions of th« 
^comets can be fo exaft, and the periods of their.Eo- 
volutions fo equal, as thofe of the planets; cbnfi- 
dering their great member, and their great difUncc 
from the fun in their aphelia, where their aflions 
upon each other mui): have liome effeft to difturb 
their .motions. The refiftance which they meet with 
in the atmofphere of the fun, when they defcend into 
■ the lower parts of their orbits, -will alio affeft them. 
. By the retardation of their motion in thefe lower 
parts, ihcir gravity will be enabled to bring them 
nearer the fun in every revolution, till at length they 
fall into him, and fupply fcwel to that immenfc body 
of fire. The comet of 1680 paJTed at a diftance 

from 
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horn the &ffice of the. fun, no g^tsr diin the ^It 
pan of his diameter ; it will approach ftill nearer iit 
the next levolutitMi, and fall into his foodjr at length. 
Xhe fixed fl;ars may receive fupplies, ia the fanie 
manner, bj comets falling into theip ^ and fbme of 
^m, whole light and heat are alnjoft exhaufted. 
may rece»« new fewel in this way. Of this kind 
chofe ftars fesih ba be, vhich hure been obferved tb 
break out at once tvidi ereat fpleodor, and to vaailh 
gradually afterwards; Such was the ftor in Csfitfeur^ 
dutwas not SnfiUe on the 8th a£ Novtmkir 157a, 
but ihone die following night with 3 brig^me^ al- 
rooft equal to that of ihc planet Veuust and decreafed 
continually afterwards, till in 16 months time k 
vanilhcd. Anodier of the iame Idnd appeared to 
Ktpler^i fcholars in the right foot of Serptmurimty on 
the 30th of SffUmier 1604^ brighter than yufittr, 
though it was not vifiblet^eprece^ni^ ta^ati which 
alfo dccreale^ grvlually, ^nd van^hed in fiitaen or 
£xteeti months. By fuch ^ new ftar ;^>pcaring with 
an nctraoFdinaiy brightnc& in the heivcns, Hip- 
parebui is faid to have been induced to make his 
catalogue of the fixed ftars. But thofe ftars which 
appear and difi^ipear, gradu^dty increafing and de- 
cisifiag by turns, teem to be of a different kind; 
and to have a luminous and an objure fide, which 
by their rotuion on their axis, they ti)rn towards w 
alternately. 

The argument againft the eternity of Ao univerfe, 
drawn from the decay of the hm, ftiA fubfifts ; and 
even acquires a new force from this theory of the 
comets: fince the fupply which they aSbid muft 
have been long ago exhauftedi if the world had 
txifted from eternity. The matter in die comee 
themfelvcs, that fypplies the vapour which rifcs from 
them in every revolution to the perihclium, and 

forms 
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^nns their taib, muft alfo have been exhaufticd long - 
ere now. In general, all quantities that muft be fupr 
pofed to decrcafe or increue continually, are repug- 
nant to the eternity of the world ; fince Ac firft 
had been exhaufted, and the laft had grown into ail 

' infinite m^nitude, at this ume, if the world had been 
from eternity : and of both kinds there Seesn to be 

' fcveral forts of quantities in the univcric. 

The defcent of the comets into the planptary re- 
gions ihews that the folid orbs, in which the planets 
were fuppofed, by the fchoolraen, to move, are 
imaginary. And the regularity of their motions, 
wbi^ they are carried i(i very excentric orbs, in att 
dire6tion5, into all parts of the heavens, confpire with 
Inany other arguments to overthrow the Cariejian 
vortices. 

Sir Ifaae Neaiten further obfcrves, that while the 
comets move in all parts of the heavens, with differ- 
ent diretftions, and in very excentric orbits, whoie 
planes are inclined to one another in large angles j 
It cannot be attributed to blind fate that the planets 
move round. the fun, and the fatellites round their 
refpc£liye primaries, all with one dirgftion, in orbits 
nearly circular, and dmoft in the fame plane. The 
comets, by "moving iii very excentric orbits, defcend 
with a vaft velocity, and are carried quickly diro' the 
planetary re^ons, where they approach the ncareft 
to each o^r, and to the plane^^ fo as to h^ve as 
little time as poffible to difturb their own moiiwis, 
or thofe of the planets. By their moving in Very 
different planes, they are carried to a vaft diftancc 
from. each other in the higheft parts of their orbits, 
or aphelia ; where, becaufe of the flownefs of their 
motions, and the weaknefs of the fun's adion at fo 
great diftances, their mutual anions, but for this 
precaution. 
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precaution, would produce the grcatcft diforders. 
Thus we always find, that what has, at firft fight, the 
appearance of irregularity and confufion in nature, is 
Sifcovcred, on further enquiry, to be the beft contrive, 
ance, and the moft wife conduft. 

Sir Ifaac Newton proceeds to make fome reflec- 
tions on the nature of the fupreme' caufe, and infers, 
from the'ftrudturc of the vifiblc worlds that it is go- 
wcrned by One jUmigbty and All-wife Being, who 
rules the world, not as its Soul but as its Ijird, exer- 
cifing an abfolute fovcreignty over the univerfe, not 
as over his own body but as over his -work j and a^- 
ing in it according £0 his pleafure, without fufferiflg 
any thing from it. What he has delivered concern- 
ing the Deity will be further explained in the next 
chapter. 



. CHAP. IX. 

pf the Supreme Author and Governor of the univerfe^ 
the True and Living God.' 

'j. -rfi? /5 ?*07'Z£ concfudes his treatife*fe mundo, 
-" with obferving, that " to treat of rJie world 
■withQUt faying any thing of its Author would be im- 
pious 1" as there is nothing we meet with more fre- 
quently and conftantly in nature, than the traces of 
'an All-governing Deity. And the philofopher who 
'overlooks thefc, contenting himfelf with the appear- 
ances of the material univerfe only, and the mecha* 
nical laws of motion, neglefts what is moft excel- 
lent 1 and prefers what is imperfeift to what is fu- 
premely perfeft, finitude to infinity, whac is narrow 
and weak to what is unlimited and almighty^ and 
what is perilhing to what enduresfor ever. Such 
8 who 
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who attend not to fo manifeft indications of fuprcme 
wifdom.aod goodncls, perpetually appearing before 
thctn wherever they turq their views or enquiries, 
too much refemble thofe antient philofophers who 
made night, matter, and chaos, the original of all 
things. 

2. As we have neither ideas nor words fuflicient_ 
to defcribe the firft caufe, fo AriftotU, in the con- 
clufion of the above-mentioned treatife, is obliged to 
content himfelf with comparing him with what is 
chief and moft excellent, in every kind *. Thus 
we fay he is the king or lord of all things, the pa< 
rent of alt his creatures, the foul of the world, or 
great fpidt that animates the whole. Such expref- 
fions, though well meant at firft, were fometimcs 
abufed afterwards ; particularly, that of his being 
the anima mundi, which was apt to reprcfcnc him jioc 
only as the active and felf-mpving principle, buc 
likewife as paOive and fuffering from the actions and 
motions'of bodies. The abftrufe nature of the fub- 
jcift gave occafion to the latter Platonifis, particularly 
to PlotinuSf to introduce the moft myftical and un- 
intelligible notions concerning the Deity and the 
worlhip we owe to him j as when he tells us that 
intcUeft or underftanding is not to be afcribed to the 
Deity, and that our moft perfcd worfhip of him 
' confifts, not in ads of veneration, reverence, grati- 
tude or love 1 but in a certain myfterious fclf.anni- 
hilation, or total extinftion of all our faculties. 
Thcfe doctrines, however abfurd, have had foUow- 

• KudoAH i'i, i-Tif tv rill KuCiftiitfii, tf Iflit^i J'i Pif'BX»f, 
i(F vof^iTijtejivfftj'M, ir ireMi J'i fifiaf, it Tfiltv'iJ'fJ'iiiyf-- 
■ [AUf TK^sdiK tr Kiirfxf «Ani> ilaS-' Ittf, ffait itt> K^/xAlnpip 
li (tfi^f.ifi', 'waKviiii»']ir ri i^ ■roKv/iifif/.rty' i^ S-i, gfiuTtrt 

ttxirir^ ^£f lj\fuiMiT& WW* kih7, j^ rtfidyti 5«« ^Kilai, 
;^%-Ki»ti tr J'lmfiftit i/tBf(.Tii^f[/»rif. Cap. c. 
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efs, wha, in this, as in rther cafes, byMtiing^no 
hi^; fer be;rond their reach, ovcrftrain tnm fttcul- 
ties, and fall into folly ot* madnefa -, cotitribunng, as 
much as lies in them, to bring tme piety and wvo- 
tion into contempt. 

3. Nnther are they to be commended^ who, un- 
der die pretence of magnifjnng die effintial pot^r 
of the fupr«me caufe, make truth and fattbood en- 
tirely to depend on his will ; as *e obfervcd ofbef 
Cartes, Book I. Chap. 4. Such tenets have a direft 
tendency tointrodacc the abfurd opinion, that intcl- 
leftnal faculties may be fo made, as cleaiiy and dif- 
tindHy to perceive that co be true, i^ich is really 
falfe. They judge much bettet", vfho, without 
fcruple, nieafure the divine omnipotence itfclf,'and 
the pofSbility of things, by, their own clear ideas 
concerning them \ affirming that God himfelf cah- 
noc make contradidions to be true at the fame afiier; 
and reprefent the certain part of our knowledge, in 
fome degree, as the knowledge and wifdom of the 
I)eicy imparted to us, in the views of nature- which he 
l}as laid before us. 

4. TJie fublimity of the fubjeft is apt to exalt and 
tranfport the minds of men, beyond what their fa- 
culties can always bear : therefore, to fupport them,- 
allegorical and enigmatical reprefcntations have been 
invented, which, in procefs of time, have produced 
the greateft abufes. When metaphorical figures and 
names came to be confidered as realities, in place of 
the true God, falfe deities were fubftituted without 

. number, and, under the pretence of devotiorf, a 
woribip was paid to the moft delegable charadei^, . 
that tended to extinguifh the notions of true worth 
abd virtue amongft men. 

3 5- As 
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5. As there are n» eni^urries of a more afdtioos 
nature than thofc that relate to the Deity, or of near 
, fo great importance to mtdleftual beings, that Af- 
cent bcfwiit truth artd falfcood, betwixt right and 
wrong; fo it is lilanifcft, that there are none in 
which the unpoft caution and lbberne& of thou^t 
is more requifite. Hence it is a very unpleafant 
profpefl: to e^ci^'e i*ii!h how great freedom, or ra- 
ther iiccntioufhelsv philofopfcers have advanced their, 
raft and crude rtotions Concerding his iftfure and rf^ 
fence, his liberty and other attfibiites. What free- 
doms were taken by Dfs Cartes in defcribing the 
formatitfn of the uhiverfe mthout his interpofioon, 
and m pretending to deduce from his attributes con- 
fequences that are now known to be falfe, we c»- 
{dain«d in the firft book, almoftin his own words. 
A manner of proceeding fo unjuftifiable, in fo fcrious 
and important a' fubje6t, ought, one would think, 
to hatedrfgufttdthefoberandTrife pattof maikind. 
Spimfzoi while he carried the doftrine of abfolute 
weceflitf to the- moft monftrtjus height, and fuN 
pafftd ail others in the wcaknefs' of his proofs as well 
as dw impiety of his doftrihes, yet affefts to'fpeak," 
on feveral occafions, in the higheft terms of venera- 
tion for the Deity. Mr. Leibnitz and many of his 
cfifciples^ have libewife maintained the fame doftrine 
of abftrfute neceffity, extending itto the Deity him- 
fclf, of whort oor ideas are' fo inadeqoatci and 
whom it ft* much'concetrft us not t6 mifreprefent." 
But Sir 1/004: Newfen was eminently diftingDii^ed 
for His caution and circumfpeftion, in l^eakingM 
treating of this (bbjefti in difcourfe'as wrfl as in- his 
writings ■, tho' he has not efcaped the reproaches of 
his adveriaries, ei^en in this rcfpeit. As the Deity is 
the fuprenw and firft caufe, from whom all other 
caufn derive then- whole force and energy, £> he 
thought 
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thought it moft unaccountable to exclude Him cnly 
out of the uniirerie. , If appeared ro him ihucfrmorc 
juft and realbnable,. to fuppofe that the whok chain, 
of caufcs, or the feveral feries of them, fliould cen- 
tre in hinf as their fource and fountain ; and the 
whole fyftcm appear depending upon him the only . 
, independent caufe. 

6. The plwn argument for the exiftcnce (tf the 
Deity, obvious to ^ and carrying irrefiftible con- 
viftion with it, is from the evident contrivance and 
fitnels of things for one another, which we meet 
with throughout all parts of the univerfe. There is 
no need of nice or fubtle reafonings in this matter : 
a. manifeft contrivance immediately fuggefts a con- 
triver. It Itrikes us like a fenfationi and artful 
reafonings againft it may puzzle us, but it is with- 
out Ibaking our belief. No perfon, for example, 
that knows the principles of optics and the firudure 
of the eye, can believe that it was formed without 
fkill in that fcience ; or that the ear was formed with- 
out the knowledge of founds ; or that the male and 
female in animals were not formed for each other, . 
and for continuing the fpecies. All our accounts 
of nature are full of inftances of this kind. The ad- , 
ijiirable and beautiful fthidure of things for final -. 
caufes, exalt our idea of the Contriver : the unity of. 
defign fliews him to be One. The great motions in 
the fyftcm, performed with the fame facility as the 
leaft, fuggcft his Almighty Powety which gave mo- 
tion to the earth and the celellial bodies, with equal 
cafe as to the minutclt particles. The fubtility of* 
the motions and aftions in the internal parts of bo- 
dies, fliews that his inSuence penetrates tht: inmoft 
recefles of things, and that He is equally a£iive and 
prefau every where. The CmpUcity of the laws. 
that prevail in the world) the excellent difpofltion 
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of things, in order to obtain the belt ends, and the 
beauty which adorns the works of nature, far fupe- 
rior to any thing in art, fuggefl: his confummaie 
Wifdom. The ulefulnefs of rtic whole fchcme, fo 
well contrived for die intelligent beings that enjoy 
it, with the internal difpofition and moral ftrufture 
of thofe beings themfelves, (hew his unbounded 
Geednefs. Thcfe are the arguments which are fuffi- 
ciently open to the views and capacities of the un- 
learned, while at the fame time they acquire new, 
ftrength and luftrc from the difcovcrics of the learned. 
The Deity's acting and interpoling in the univerfe, 
Ihcw that ht, governs it as well as formed ic, and the 
depth of his counfels, even in conducting the mate- 
rial Univerfe, of which a great part furpaffes our 
knowledge, keep up an inward veneration and awe 
of this great Being, and difpofe us to receive what 
may be otherwife revealed to us concerning him. It 
has been juftly obferved, that fome of the laws of 
nature now known to us, muft have efcaped us if 
we had wanted the fenfe of feeing. It may be in his 
power to bcftow upon us other fenfes of which wc 
have ac prefenc no idea ; without which it may bq 
impbffible for us to know all his works, or to have, 
more adequate ideas of himfelf In our prefcnt ftate, 
we know enough to be fatisfied of our dependency 
upon him, and of the duty wc owe to him the lord 
and difpofer of all things. He is not the objeit of 
fenfe ; his eflcnce, and indeed that of all other fub- 
ftances, is beyond the reach of all our difcoveries 1 
but his attributes clearly appear in his admirable 
works. We know, that the higheft conceptions we 
are able to form of them are ftill beneath his real 
perfeftions ; but his power and dominion over us, 
and Qur duty towards him, are manifeft. 

7. Sir Ifaac Newion is particularly careful,, always 

to rtprefent him as a free agent -, being juftly appre- 
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benfive of the dangerous coofcqiimcec of ttm doc- 
trine which incroduces a fatal or ablblucc necefRty 
prefiding over til things. He made the world, not 
from any necefflcy determintog him, but when he 
thought fie : matter is not inBdtte or nrccflary, but 
he created as much of it ai he diought proper : bo 
placed the fyftcms of the 6xcd ftars at variouB dif- 
cznces from each other, u Bis pWafure : in the ibUr 
fyltem, he formed the planers of fuch a number, and 
difpo&d them at various diftances from the fun, as 
he pleafed : he has made them all move from weft to 
eaft, thoi^h it is evident from the nioticHii of the 
comeu, that he might have made them move from 
eaft to weft. In thcl'e and other inftance*, we plainly: 
perceive the veftigcs of a wife agent, but afting freely 
and with perfcft liberty. 

As caution was a diftingutlhing part (^ Sir T/aae 
Newton's charafter, but no way derogatory from hia 
penetration and the acutencfs and fublimity of his 
genius ; fo we have particular reaftHi on this occafion 
to applaud it, and to own that his pUlofophy has 
|ux>ved always fub&rvient to themoit valuable pur< 
pofrs, without ever tending so hurt them. 

8. As in treating of this unfathomable fubjedt we 
are at a lofs for ideas and words, in any tolerable de- 
gree, adequate to it, and, in order to convey our 
notions with any ftrength, arc obliged to have re- 
courl'c to figurative cxpreffions, as was obferved al- 
ready ; fo it is hardly poffible for the moft cautious 
to make ufe of fuch as may not be liable to excep- 
tions, from angry and captious n>en. Sir J^aac Ne%v- 
tett, to exprcfs his idea of the divine Omnip-efencii had 
faid that the Deity perceived whatever paflcd in fpace 
fully and intimately, as it were in his Senforium. A 
clamour was raifcd by his advCTfaries, as if he meant 
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that fpxce was to the Deicy what the SeHfanam is tb 
our minds. But whoever confiders this exprefllOft 
without prejudice, wiU allow that it conreys a very 
ftrong idea erf the intirtiaxe prefence of the Dtity evetf 
where, and of his perceiving whatever happens in 
the compieteft manner, without the ufe of any int<r- 
. mediate agents or inftruments, and that Sir Ifaac made 
ufc of it with this view only ) for he very carefully 
gtaards ^ainfl: our imagining that external' obje£tl 
A& upon the Deity, or that he fuffers any paflion of 
readrion from them. It is commonly fiippofei} that 
the mind is intimately confcious of the impreflions 
upon the fenforium, and that it is immediately pre- 
fent there, and there only;- and as wc mult derire 
our ideas of the attributes of God from what we 
know of our minds, or oi thofe of others, in th« 
beft manner we can, by leaving out all imperfection 
and limitation i fo it was hardly pofTible to have re- 
prefented to us the divine OmaifTeftnce znA 0mm- 
fdmce in a ftronger light, than by this compM-ifoo. 
But the fbndnefs of philofopbers for their favourite 
fyftems, often irritates them againft thofe, who, in 
the purfuit of truth, innocently overturn their doc- 
trines, and provokes them to catch at any occafion 
of linding fault. 

9. But the greateft clamour has been raifed againft: 
Sir Ifaac Nruston, by thofe who have imagined that 
he reprcfented infinite [pace as an attribute of the 
Deity, and that He is prefent in all parts of fpace by 
diffufion. The truth is, no fuch cxprcflions appeaf 
in his writings ; he always thought and fpokc with 
. more veneration of the divinity than to allow himfelf 
fach liberties. On the contrary, he tells • us that 

« the 

' i^teriuit elt^A infiDityi, ODinipotens & onHii&ieiM id eft^ 

duratab setemoinietcrnuin, &adefiabui6aiiaiaiiifialtgiii: oaf 
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*• the Deity endures fiotn eternity to eternity) and is 
prefent from infinity to infinity ; but that he is not 
eternity or infinity, fpacc or duration." He adds 
indeed, that as the Deity exifts ncceflarily, and by 
the fame neceffity exifts every where and always, he 
conftituccs fpace and duration : but it does not ap- 
pear that this expreffion can give any juft ground of 
complaint; for it is faying no more than that fince 
he is effentially and ncceflarily prefent in all parts of 
fpace and duration, thefe of confequence, mutt alfo 
neceffarily exift. 

lo. This idea is fo far from giving any juft ground 
of complaint, that it accounts for the ncceflary exift- 
ence of fpace, in a way worthy of the Deity, and 
fuggefts the noble improvement we may make of 
this doftrine, which lies fo plain and open before us. 
Sir Ifaac Newton is. fo far from reprefeniing the Deity 
as prefent in fpace by diffufion (as fome have ad- 
vanced very unjuftly) that he exprefly tells us * there, 
arc fucceflive parts in duration, and co-cxiftent parts 
in fpace. But that neither are found in the foul or 
principle of thought which is in man ; and that far 
icfs can they be found in the divine fubftance. As 
man is one and the fame in all the periods of his lifey 
and thro' all the variety of fenfacions and pafTions to 
which he is fubjeft -, much more muft we allow the 
fupreme Deity to be one and the fame in all time, and 

sia regit, Sc omnia cognofcic, qux Runt am fieri pofTuiii. Non 
eft xternitas & inlinitas, fed xternus & infinilas ; non eil duratio 
k fpatium, fed durat & adelt. Durat fcmper, & adell ubique, 
& exiltendo femper & ubique, duraciunetn &: fpaiium condiiuit. 
tiiul. Princip Schi>liiim GeneiaU, pag. ^z)^> 

' Partes dantur fuccellivx in duratione, coexillentes in fpacio,. 
neutrx in perfona hominis feu principio ejus cogitante ; Sc multo 
minus in fubftantia cogitante Dei. Omnts homo quatenus res 
fentiens, eft unus & idem homo durante vita fua in omnibui k 
iingulis fenfuuut OTgaaii. Deu;cft>unu3 & idem Deu) femper & 
vbique, ibU. 
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in all fpace, free from change and external influence. 
He adds, that, the Deiiy is prefcnt every where, non 
per virlutem folam fed etiam per fuhjiatiliam, fed mode 
prorfus incorporeo, modo ndlis penilus ignoto. It is 
plain therefore, that he was far from meaning that 
the Deity was prefcnt every where by the diffufion of 
his fubftance, as a body is prefent in fpacc by having , 
its parts diffufed in it. Nor is it furprizing that wc 
fliould be at a lofs'to give a fatisfaftory account of 
the manner of God's omniprefence. Our knowledge 
of things penetrates not into their fubftance : we per- 
ceive only their figure, colour, external furfacc, and 
the efi^eifts they have upon us, but no fenfr, or aiil of 
refieftion, difcovers to us their fubftance; and much 
lefs is the divine fubftance known to us. As a blind 
man knows not colours, and has no idea of the fen- 
. fation of thofe who fee, fo wehavc no notion howthe 
Deity knows and ads. 

1 1. His exiftence and his attributes are, in a fen- 
fible and fatisfadtory manner, difplaycd to us in his 
works; but his effence is unfathomable. From our 
exiftence and that of other contingent beings around 
us, we conclude that there is a^firji caufe, whofe ex-* 
iftence miift be neccffary, and independent of any 
other being ; but it is only a pofieriori that we thus 
infer the neceflity of his exiftence, and not in the 
fame manner that we deduce the neceflity of an eter- 
nal truth in geometry, or the property of a figure 
from its eftence : nor is it even with that direft felf- 
cvidence which we have for the neceflary exiftence of 
fpace.. We mention this only to do juftice to Sir 
tjaac Newton's notion, when he fuggefts^that the ne- 
ccflary exiftence of fpace is relative to the neceffjry 
exiftence of the Deity. Philofophers have had al- 
ways dilputes about infinite fpace and duration ; and 
probably their contefts on thefe fubje£ts will never 
D d 3 have 



n,aN,-.rihyG00^le 



4«6 Sir Isaac Newton's Book IV, 

have an end : all we want to reprcfent is only, that 
what is fo briefly and modeftly advanced by ihis great 
man on thofc fubjefts, is, at leaft, as rational and 
worthy of the Deity, and as well founded in true 
philofophy, as any of their fchemes ; though it muft 
be expefted that the bed: account we can form of 
matters of fo arduous a nature, will be liable to diffi- 
culties and objections. As for thofc who will not al- 
low fpacc to be ^ny thing real, we oblerved above that 
thereality of motion, which is known by experience, 
-argues the reality of abfoliatc (pace -, without admit- 
ting \?hich, we Ihould have nothing but confufioh 
and contradiftions in naturak philofophy. Many 
other arguments, parcicularly thofe drawn from the 
axiom, non entis nulla funt atiributa^ for the reality of 
fpace, whofc parts are fubjeift to menfuration and va» 
nous relations, have been treated of largely by others. 

12. We obftrved above, that as the Deity is the 
fifft and fupreme caufe of all things, fo it is moft un- 
accountable to exclude him out of nature, and re- 
prefent him as an intfltigenlia exlramundana. On the 
Contrary, it is moft natural to fuppofe him to be the 
chief mover throughout' the wiiok univerfe, and 
that all other caufes arc dependent upon him j and 
conformable to this is the refult of all our enquiries 
into nature ; where we are always meeting \yith 
powers that furpafs mere mcchanilin, or the effects of 
matter and motion. The laws of na:ure are con- 
ftant and regular, -and, for ought we know, ali of 
them may be refolved into one general and eiteniive 
power i but this power itftrif derives its properties 
and efficacy, not from mechanifm, but, in. a great 
meafure, from the immediate influences of .the firlt 
mover. It appears, however, not to have been his 
intention, that the prefent ftate of things ftiould 
continue for ever without alteration ; not only from 

what 
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what paflfes id the moral world, but from the phteno- 
mena of the material workl likewife j as k is evident 
ihac it couK} not have continued in its prefent ft^tc 
from eternity. 

j%. The power of «-avity, by which the ceteftial 
bodies perfevere in their revolutions, penetrates to 
the centres of the fun and planets without any diml- 
AUtioD of virtue, and is extended to immenle dif- 
tances, decrtafing in a regidar courfe. Its a^ion is 
proportioRa} to the qu^itity of folid matter in bodies, 
and not to their futfaces, as is ufual in mechanicat 
caufes : this pawer therefore, feems to furpafs mere 
mechanifm. But, whatever we fay of this power, ic 
could not poflibly have produced, at the beginning, 
the regular fituation trf the orbs and the prefent dif- 
pofition of things. Gravity could not have deter- 
mined the planets to move from weft to eaft in oriMts 
Begriy circular, almoft in the fame plane -, nor could 
riiis power have pn^efted the comets with all variety 
of direiftions. If we fupp(^e the matter of the 
fyftem to be aecumulated in the centre by its gra- 
vity, no mechanical principles, with the afHftance 
of this power of gravity, could feparate the vaft 
mafs into fueh parts as the fun and planets, and, af- 
ter carrying them into their different diftances, pro- 
ject ihe.m in their feveral direiSioBS, preferving ftill 
the equality of action and reaiftioB, or the ftafc of 
the centre of gravity of the fyftem. Such an exqui- 
fite ftrufture of things could only arifc from the con- 
trivance and powerful influences of arr intelligent, 
free, and mcrft potent agent. The fame powers, 
iherefore, which at prefait govern the material uni- 
verfe, and conduit its various motiops, are very dif- 
iwent from thofe which were neceOary to have pro- 
duced it from nothing, or to have difpofed it in the 
admirable form ia which k now proceeds. 

14. As 
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' 14. As we cannot but conceive the univerfe, as 
depending on the firft caiife and chief mover, whom 
it would be abfurd, not to fay impious, to exclude 
from afting in it ; ib we have fome hints of the man- 
ner in which he operates in na:ture, from the laws 
which we Bnd eftabliAied in it. Thdugh he is the 
fource of all efficacy, yet we find that place is left 
for fecond caufes to aft in fubqrdination to him ; and 
ciechanifm has its fhare in carrying on the great 
fchemc of nature*. The eftablifhing the equality 
of action and reaAion, even in thofe powers which 
fecm to furpafs mechanifm, and to be more imme- * 
diately derived from him, feems to be an indication 
. that thofe powers, while they derive their efficacy 
from him, are however, in a certain degree, clrcum- 
fcribed and regulated in their operations by mechani- 
cal principles 1 and that they are not to be co.nfidered 
9s mere immediate volitions of his (as they are often 
rcprefcnted) but racher as inftrumebts made by him, 
to perform the purpofes for which he intended them. 
If, for example, the mofl: noble phenomena in na- 
ture be produced by a rare elaftic ^iberial, medium^ 
as Sir Ifaac Newton conjectured, the whole efficacy 
of this medium muft be refolved into his power and 
will, who is the fupremc caufe. 'I'his, however, 
does not hinder, but that the fame medium may be 
fubjeft to the like laws as other elaftic fluids, in its 
actions and vibrations ; and that, if its nature was 
better known to us, w<: might make curious and 
ufeful difcoveries concerning its efFefe, from thofe 
laws. It is eafy to fee that this conjefture no way 
derogates from the government and influences of 

ttivtissaf 'xa.V'toAmi.i a,iscji\uv 'lAiitt, affwif dfA.t\U JlpaTff'jr 
inpyiiitf aT*TiA*fT(f. Jrifiot. ubi fiifca, 
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the Deity ; while it leaves us at liberty to purfue our 
enquiries concerning the nature and operations oi 
fuch a medium. Whereas they who haftily refolve ■ 
thofc powers into immediare volitions of the fuprcme 
caufe, without admitting any intermediate inftru- 
ments, put an end to our enquiries at oncc; and 
deprive us of what is probably the moft fublime part 
of philofophy, by reprefenting it as imaginary an(J 
fiditious : by which means, as we obferved above ** 
they hurt thofc very intcrefts which they appear fo 
fanguine to promote ; for the higher we rife in the 
fcale of nature, towards the fuprcme caufc* the views 
we havefrom philofophy appear more beautiful and 
extenfive. Nor is there any thing extraordinary in 
what is here reprefented concerning the manner In 
which the Supreme Caufe afts in the univerfe, by 
employing fubordinatc inftruments and agents, which 
are allowed to have their proper force and efficacy ; 
for this we know is the cafe in the common courfe 
of nature; where we find gravity, attraftion, re- 
pulfion, fife, conftantly combined and compounded 
with the principles of mechanifm : and we fee no 
rcafon why it fhould not likewife take place in the 
more Tubtile and abftrufe phenomena and motions of 
the fyftem. 

15. It has been demonftrated by ingenious men, 
■that great revolutions have happened in former times 
on the furface of the earth, particularly from the 
phsnomena of the Strala ; which fometimes arc 
found to lie in a very regular manner, and fome- 
times to be broken and feparated from each other 
to very confiderable diftances, where they are found 
again in the fame order ; from the impreffions of 
plants left upon the hardeft bodies dug deep out of 

• Book I. Chap. ;. Sa&. 3. 
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die eartbt tnd in pl«eeG wiiere fuch plants are not nov 
SfMBd to grow 1 tnd from bonts of animals both of 
the Und and fca, difcovered fome hundreds of yards 
fceocoih the prcfent furfaee ai the earth, and at very 
gfsat diftances from the Tea. Some philoTophcrs ex- 
plain thefe changes by the revolutions of comets, or 
other oatural nieauE but as the Deity haa formed 
the uMverfe dependent upon hitnfelf, fo as to require 
to be alta«d by him, though at very diilaijt periods 
ei time ( it does not appear to be a very important 
qucftion to enquire whether thefe gfcat changes are 
produced by the inEerventimi of iodruments, or by 
ibe (iiM immcdiace iaSuenoea which ^rik gave chingi 
their form. 

1 6. We cannot bi>t take notice c^one Ghiag, thai 
appears to have |)eea defigncd by tho author of aa- 
ture : he has UMde it unpofible for U9 to have smy 
cooiofiunication from this evth with the other great 
bodies of the univerfe, ia ouf preicfrt ftate-, aod it 
U UgUy probable, thai he has libewife cut off sA\ 
comuiunication betwixt the other planets, and bC' 
twixt the difftrent fyftems. We we able, by lele- 
tcopes, to difcover vety phauly mountains, prect- 
pices and cavities in the moon : but who tread thofe 
precipices, or for what purpofcs thole great cavities 
(HUAy of whkh have a little deyattoa in the middle) 
lerve^ we know not ; and ire at a lofs eo con- 
cnve how this planet, without any atmofpfacre, va- 
lours, or leas (as >9 now the eoinmon opinion of 
aiftroDomers) can ferve for Uke purpofes as .ow - 
earth. We dbferve fudden and furpri2!tt^ revohi'- 
tions on the furface of the great pidnet Jmpiter-t 
which would be fatal to the inhabitants of the earth. 
We obierve, in them all, enough to rajfe our curio> 
Ctv, but not to fatisf'y it. From hence, as well as - 
from the ftate of the meral wodd,. and many other 

conft- 



,.-..,.Go 



Chap. 9- ' PanxaomKAi. XkSmfEtitis. ,411 

oanMcririons, w« are induced to brfiere, that oar 
prefoiit ftate would be very imperfeS witUout a fufa- 
fequcntonc) wherein our views of nature, ftnd of 
its gredt author, may be more clear «nd laHsfaftory. 
hdocs not appeat- to be faitable » the wifdotn that 
ihtnes throughout all nttujr, M ftippoTe chat wc 
ftiouhi fee fo £sr, and have o« curioTity fo much 
raifed concerning the works of God, only to be dif- 

' »{^ointed at the end. ■ As man is urtdoubtedly the 
<;hJef beifig upon this globe, and this globe may be 
BO leis coafiderable, in the moft vahiable refpefis, 
ttmn any other in the fc4ar fyftem, and this fyftem, 
for ought we know, not inferior to any in the uni- 
verfal fyftem j fo, if we flioold fuppofq man to pe- 
rifli, without ever arriving at a more complete know- 
ledge of nature, than the very imperfeft one he at- 
t«ns in his prefent ftate ; by analogy, or parity of 
reaJiM*, we might conclude, that the like d^rcs 
would be fruitratcd in the inhabitants of all the other 
planets and fyftems ; and that the beautiful fchemc 
of nature would never be unfolded, but in an ex- 
ceedingly TOperfeft majincr, to any of them. This, 
therefore, naturally leads us to confider our preient 
ftate as only the dawn or beginning of our exiftence, ' 
and as a ftate of preparation or probation for farther 
advancement : which appears to have been the opi- 
nion of the moft judicious philofophers of old. And 
whoever attentively confiders the conftitution of 
human nature, particularly the' defires and paflions 
of men, which appear greatly fuperior to their pre- 
fent objefts, will eafily be perfuaded that man was 
defigned for higher views than of this life. Thcfe 
the author of nature may have in refervC to be 

, opened up to us, at proper periods of time,, and af- 
ter due preparation. Surely it is in his power to 
grant us a far greater improvement of the faculties 
we already poflefs, or even to endow us with new 
10 ' ^cullies. 
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faculties, of wtuch, at this time, we have no idea, for 
penetrating farther into the fcheme of nature, and ap- 
proaching nearer to bimfelf, the firft and fupreme 
caufe. , We know not how far it was proper or ne- 
ceflary that we (hould not jse let into knowledge at 
once, but Ihould advance gradually, that, by com- 
paring, new objects, or new difcoveries, with what was 
known to us before, our improvements might be 
more complete and regular ; or how far it may be 
oeceOary or advantageous, that intelligent beings 
Ihould pafs through a kind of infancy of knowledge. 
For new knowledge docs not confift fo much in our 
having accefs to a new objeft, as in comparing it 
with others already known, obfcrving its relations to 
rhem, or difcerning what it has in common with 
them, and wherein their difparity confifts. Thus 
our knowledge is vaftly greater than the fum of what 
all its objefts fcparately could afford'; and when a 
new objeit comes within our reach, the addition to 
our knowledge is the greater, the more we already 
, . know i fo that it increafes not as the new objefts in- 
,'creafe, but in a much higher proportion. * * • 
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